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10 Now
adays, an increasing num
ber of synthetic chem
icals are used in a vast range of 
DSSOLFDWLRQV:RUOGFKHPLFDOVDOHVZHUHYDOXHGDWELOOLRQHXURVLQZLWKD
SHUFHQWLQFUHDVHLQJOREDOVDOHVFRPSDUHGWR&(),&:KHQUHÁHFWLQJ
DERXWRXUGDLO\DFWLYLWLHVLWLVQRWGLIÀFXOWWRUHDOL]HKRZPXFKRIRXUOLIHVW\OHLV
dependent on synthetic chem
icals. From
 the food w
e eat, m
edicines w
e take to the 
health care products w
e use, all have their fair share of synthetic chem
icals. A
ccording 
to U
nited N
ations, the w
orld hum
an population reached a num
ber of 7 billion people 
LQZLWKSURMHFWLRQVWKDWVXUSDVVELOOLRQSHRSOHLQKDELWLQJRXUSODQHWE\
0XFKRIWKHLQFUHDVHLQOLIHH[SHFWDQFHDQGTXDOLW\RIOLIHVHHQLQWKHODVWIHZGHFDGHV
can be also attributed to the developm
ent and use of synthetic chem
icals. H
um
an 
population grow
th w
ill create an increased dem
and for food, energy, clean w
ater, health 
care and a lot m
ore. O
ne of m
any critical obstacles is food production, w
hich can only 
EHRYHUFRPHE\WKHFRQVWDQWLQFUHDVHLQWHFKQRORJLFDOGHYHORSPHQWVLQWKHÀHOGVRI
DJULFXOWXUHDQGDTXDFXOWXUH6\QWKHWLFFKHPLFDOVSOD\DFHQWUDOUROHLQWKHGHYHORSPHQW
RIDJULFXOWXUHDQGDTXDFXOWXUHSUDFWLFHV)RULQVWDQFHWKHGHYHORSPHQWDQGXVHRI
synthetic pesticides and fertilizers have revolutionized agriculture (A
ktar et al., 2009; 
B
ishopp and L
ynch, 2015). T
he use of synthetic pesticides have greatly reduced losses 
due to pests and diseases, therefore, w
ithout these chem
icals w
e w
ould not be able to 
SURGXFHIRRGDWWKHUDWHZHGRWRGD\$TXDFXOWXUHKDVDOVREHHQJURZLQJVWHDGLO\LQWKH
last decades (FA
O
, 2012). To ensure and increase productivity, synthetic chem
icals, such 
as, disinfectants, parasiticides and antibiotics, are constantly used to treat diseases or as 
DSURSK\ODFWLFPHDVXUH+RZHYHUPDQ\FKHPLFDOVXVHGLQDJULFXOWXUHDTXDFXOWXUHRU
even in our daily activities are released into the environm
ent, w
here they could becom
e 
a threat to non-target organism
s, ecosystem
s, as w
ell as us, hum
an beings (K
um
m
erer, 
2009; Steen et al., 2001).
'XHWRWKHLUXVHDQGDSSOLFDWLRQV\QWKHWLFFKHPLFDOVPD\EHIRXQGLQWHUUHVWULDODTXDWLF
DQGDWPRVSKHULFHQYLURQPHQWV$TXDWLFHQYLURQPHQWVUHFHLYHGLUHFWDQGLQGLUHFW
inputs of chem
icals such as pesticides, w
hich have been detected not only in fresh 
and m
arine w
aters but also in the sedim
ent associated to such ecosystem
s (B
attaglin et 
al., 2011; K
reuger et al., 1999; M
iles and P
feuffer, 1997; Steen et al., 2001). A
lthough 
synthetic chem
icals like pesticides can be degraded by biotic or abiotic processes in the 
environm
ent, m
any can persist for a long period. D
espite being banned in the 1970s, 
the 
pesticide 
D
D
T
 
(dichlorodiphenyltrichloroethane) 
and 
P
C
B
s 
(polychlorinated 
ELSKHQ\OVZKLFKZHUHZLGHO\XVHGDVLQVXODWLQJPDWHULDOLQHOHFWULFHTXLSPHQWDUHVWLOO
detected in sedim
ents in m
any different places around the w
orld (Z
anaroli et al., 2015). 
3HVWLFLGHVPD\KDYHDGLUHFWRULQGLUHFWHIIHFWRQDTXDWLFRUJDQLVPVDQGPD\DIIHFW
different trophic levels. For exam
ple, changes on the fungal com
m
unity com
position 
associated to leaf m
aterial, due to fungicide exposure, m
ay alter feeding behaviour 
of leaf-shredding organism
s (B
undschuh et al., 2011; D
im
itrov et al., 2014), w
hich 
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can im
pact im
portant ecosystem
 functions, such as leaf breakdow
n (organic m
atter 
degradation). M
oreover, pesticides have been found to alter m
icrobial com
m
unity 
com
position in freshw
ater sedim
ent (W
idenfalk et al., 2008).
0LFURRUJDQLVPVDUHDQHVVHQWLDOSDUWRIDTXDWLFHFRV\VWHPVFDUU\LQJRXWFUXFLDO
ecosystem
 functions such as prim
ary production, nutrient cycling and decom
position. 
0RUHRYHUPLFURELDOFRPPXQLWLHVKDYHDODUJHLQÁXHQFHRQDEXQGDQFHDQGGLYHUVLW\
of 
higher 
organism
s 
(i.e. 
benthic 
invertebrates) 
by 
controlling 
carbon 
dynam
ics 
DQGSURYLGLQJDIRRGVRXUFH2QWKHRQHKDQGPLFURRUJDQLVPVPD\LQÁXHQFHWKH
degradation and bioavailability of synthetic chem
icals. H
ow
ever, on the other hand, 
synthetic chem
icals m
ay affect m
icrobial com
m
unity com
position and function in 
DTXDWLFHFRV\VWHPV6WXGLHVDVVHVVLQJWKHWR[LFLW\RIV\QWKHWLFFKHPLFDOVLHSHVWLFLGHV
RQPLFURELDOFRPPXQLW\FRPSRVLWLRQDQGIXQFWLRQDUHOLPLWHGHVSHFLDOO\LQDTXDWLF
environm
ents. M
ost studies have focused on the m
icrobial degradation of pesticides, 
for instance, rather than on the effects on m
icrobial com
m
unities (D
eL
orenzo et al., 
7KHUHIRUHOLWWOHDWWHQWLRQLVJLYHQWRWKHSRWHQWLDOHIIHFWVRIFKHPLFDOVRQDTXDWLF
m
icrobes, especially effects on heterotrophic m
icrobes. Since m
icroorganism
s play a 
central role in m
any im
portant ecosystem
 processes, understanding pollutant-induced 
HIIHFWVRQPLFURELDOFRPPXQLWLHVLQDTXDWLFHFRV\VWHPVLVSLYRWDOIRUWKHSURWHFWLRQRI
such ecosystem
s.
$QWLELRWLFVIRUPDQRWKHUJURXSRIFKHPLFDOVWKDWDUHIUHTXHQWO\GHWHFWHGLQDTXDWLF
ecosystem
s (K
um
m
erer, 2009). A
ntibiotics are w
idely used in hum
an and veterinary 
m
edicine, as w
ell as in food anim
al production, and a vast range of antibiotic 
FRQFHQWUDWLRQVKDVEHHQGHWHFWHGLQWHUUHVWULDODQGDTXDWLFHFRV\VWHPV$QWLELRWLFOHYHOV
GHWHFWHGLQDTXDWLFHFRV\VWHPVYDU\IURPEHORZWKHPLQLPDOLQKLELWRU\FRQFHQWUDWLRQ
for m
ost bacteria to levels that exceed hum
an therapeutic blood plasm
a concentrations 
.ULVWLDQVVRQHWDO.XPPHUHU$QWLELRWLFVFDQHQWHUDTXDWLFHFRV\VWHPV
GLUHFWO\YLDGLVFKDUJHRIHIÁXHQWVIURPZDVWHZDWHUWUHDWPHQWSODQWVRUDTXDFXOWXUH
residues; and indirectly, by runoff and leaching of agriculture soils treated w
ith m
anure 
from
 livestock facilities (R
ico et al., 2014; Sarm
ah et al., 2006; Ternes et al., 2004; 
=KXHWDO(QYLURQPHQWDOSROOXWLRQE\DQWLELRWLFVOHDGLQJWRKDUPIXOHIIHFWV
on m
icrobial com
m
unities has been dem
onstrated by various studies (E
bert et al., 
0DXOHWDO3URLDHWDO$VIRUSHVWLFLGHVHIIHFWVRIDQWLELRWLFVRQ
DTXDWLFPLFURELDOFRPPXQLWLHVFRXOGOHDGWRHIIHFWVDWKLJKHUWURSKLFOHYHOV0DXOHWDO
REVHUYHGDQHIIHFWRIWKHDQWLELRWLFFLSURÁR[DFLQRQFDUERQVRXUFHXWLOL]DWLRQ
of m
icrobial com
m
unities associated to leaf litter. A
 change in functional endpoints 
could also indicate a shift in com
m
unity com
position, w
hich could alter leaf breakdow
n 
by higher organism
s. T
herefore, antibiotic pollution m
ay affect im
portant ecosystem
 
functions, especially functions that are m
ainly governed by bacteria, such as nitrogen 
C
H
A
P
T
E
R
 1
12 F\FOLQJZKLFKFRXOGOHDGWRDOWHUDWLRQRQZDWHUTXDOLW\SDUDPHWHUDQGFRQVHTXHQWO\
effects on higher organism
s. A
ntibiotics are also naturally produced by a vast range of 
m
icroorganism
s, how
ever, their role in nature is not yet fully understood (A
llen et al., 
2010). N
ot surprisingly, resistance to antibiotics is a process that is com
m
on in natural 
environm
ents and existed before the use of antibiotics by hum
ans (A
llen et al., 2010). 
T
herefore, antibiotic resistance is not a process created by the extensive and uncontrolled 
use of antibiotics in hum
an and veterinary m
edicine alone, but certainly enhanced by 
it. To this end, it is also interesting to note that expression of antibiotic resistance 
genes w
as observed in a range of natural m
icrobial ecosystem
s not directly affected by 
anthropogenic exposure to antibiotics, including hum
an and anim
al intestines, as w
ell 
as m
arine and terrestrial environm
ents (V
ersluis et al., 2015). A
ntibiotic resistance poses 
a real threat to hum
an and anim
al health w
orldw
ide. Increased selective pressure from
 
antibiotic pollution creates the ideal scenario for evolution and spread of resistance, 
w
hich can happen by m
utations and transfer of genetic elem
ents am
ong bacteria that 
carry resistance gene(s). Studies have reported high levels of antibiotic resistance in 
OLYHVWRFNDQGDTXDFXOWXUHSURGXFWLRQ7DPPLQHQHWDO=KXHWDOZKLFK
could prom
ote a direct transfer of antibiotic resistance bacteria from
 anim
als to hum
ans. 
T
herefore, studies assessing the risk of antibiotic pollution to m
icrobial com
m
unity 
FRPSRVLWLRQIXQFWLRQDQGGHYHORSPHQWRIUHVLVWDQFHDUHXUJHQWO\UHTXLUHG%UDQGWHW
al., 2015). 
(IIHFWVRIFKHPLFDOFRQWDPLQDQWVLQDTXDWLFHFRV\VWHPVPD\EHDVVHVVHGE\VHGLPHQW
WR[LFLW\DQGELRDFFXPXODWLRQWHVWV'LHSHQV6XFKWHVWVDUHSLYRWDOIRUWKH
understanding of how
 chem
icals m
ay affect sedim
ent biota, since chem
ical exposure in 
WKHVHGLPHQWPD\EHGLIIHUHQWIURPH[SRVXUHLQWKHDTXDWLFSKDVH$VSUHYLRXVO\VWDWHG
PLFURRUJDQLVPVPD\LQÁXHQFHWKHGHJUDGDWLRQDQGELRDYDLODELOLW\RIFKHPLFDOVLQDTXDWLF
VHGLPHQWZKLFKFRQVHTXHQWO\LQÁXHQFHFKHPLFDOH[SRVXUHWRKLJKHURUJDQLVPV6LQFH
natural sedim
ents are highly com
plex and heterogeneous in tim
e and space, sedim
ent 
WHVWLQJLVRIWHQVWDQGDUGL]HGE\XVLQJDUWLÀFLDOVHGLPHQWVUDWKHUWKDQQDWXUDOVHGLPHQWV
6WXGLHVKDYHGHPRQVWUDWHGWKDWPLFURELDOFRPPXQLWLHVDUHSRRUO\GHYHORSHGLQDUWLÀFLDO
sedim
ents, how
ever, even w
hen poorly developed, m
icroorganism
s m
ay directly or 
LQGLUHFWO\LQÁXHQFHZDWHUDQGVHGLPHQWTXDOLW\*RHGNRRSHWDO9HUUKLHVWHWDO
2002). For exam
ple, invertebrate sedim
ent toxicity tests should ideally be perform
ed 
ZLWKVLQJOHVSHFLHVDYRLGLQJLQWHUDFWLRQVZLWKRWKHURUJDQLVPVWKDWFRXOGLQÁXHQFH
WHVWRXWFRPH+RZHYHULWLVGLIÀFXOWLIQRWLPSRVVLEOHWRH[FOXGHPLFURRUJDQLVPV
from
 such tests in a realistic test scenario. M
oreover, tests conducted in the absence 
of m
icrobial com
m
unities w
ould not be realistic, leading to less ecologically relevant 
outputs. T
herefore, studies evaluating the effects m
icroorganism
s m
ight have on the 
fate of chem
icals in the sedim
ent are necessary, since m
icrobes eventually m
ay affect 
the outcom
e of sedim
ent tests w
ith higher organism
s. 
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A
s previously stated, the understanding of pollutant-induced effects on m
icrobial 
FRPPXQLWLHVLQDTXDWLFHFRV\VWHPVLVRIJUHDWLPSRUWDQFHIRUPDLQWHQDQFHRIDKHDOWK\
ecosystem
. C
onventionally, toxicity effects of synthetic chem
icals on m
icroorganism
s 
are often evaluated in laboratory tests w
ith single species or by assessing m
icrobial 
com
m
unity level endpoints, such as the density of selected m
icrobial populations 
(K
ahru et al., 1996; Schafer et al., 2011). H
ow
ever, single species tests and com
m
unity 
level endpoint analyses m
ay fail to detect effects on m
icrobial com
m
unity com
position, 
w
hich could be associated w
ith changes in im
portant ecosystem
 functions (W
idenfalk 
et al., 2008). In addition, characterization of m
icrobial com
m
unity com
position in 
FRQWDPLQDWHGWHUUHVWULDODQGDTXDWLFHFRV\VWHPVKDVEHHQWUDGLWLRQDOO\OLPLWHGWRWKH
m
arginal fraction of culturable m
icroorganism
s (M
alik et al., 2008). C
ulture independent 
PROHFXODUWHFKQLTXHVSURYLGHQHZSURVSHFWVLQWKHDVVHVVPHQWRISROOXWDQWLQGXFHG
changes in natural m
icrobial com
m
unities (A
detutu et al., 2008; M
alik et al., 2008). 
$OWKRXJKPROHFXODUELRORJLFDOWHFKQLTXHVKDYHQRWEHHQURXWLQHO\DSSOLHGLQWKH
ecological risk assessm
ent of synthetic chem
icals, by targeting nucleic acids, w
hich allow
 
IRUDKLJKHUVFUHHQLQJUHVROXWLRQWKHQWUDGLWLRQDOWHFKQLTXHVPROHFXODUWHFKQLTXHVKDYH
the potential to prom
ote a deeper understanding of the effects synthetic chem
icals 
PD\FDXVHLQDTXDWLFPLFURELDOFRPPXQLWLHV)RULQVWDQFHWKHXVHRIWHFKQLTXHVVXFK
DVKLJKWKURXJKSXWT3&5PHWDJHQRPLFVDQGPHWDWUDQFULSWRPLFVDOORZUHVHDUFKHUVWR
DFTXLUHLQIRUPDWLRQZLWKUHVSHFWWRDPLFURELDOFRPPXQLW\·VIXQFWLRQDOFDSDFLW\DQG
actual activity, leading to a deeper com
prehension of the interaction m
icroorganism
s 
m
ight have w
ith synthetic chem
ical. For exam
ple, Fang et al. (2014) used m
etagenom
ic 
analysis to assess the abundance and diversity of biodegradation genes as w
ell as potential 
degradation pathw
ays of persistent pesticides such as D
D
T
 in m
arine and freshw
ater 
ecosystem
s. B
y using m
etagenom
ics Fang et al. (2014) w
ere able to identify nearly 
com
plete biodegradation pathw
ays for tw
o persistent pesticides (D
D
T
 and atrazine). 
6XFKÀQGLQJPD\KHOSWRGHYHORSPRUHHIÀFLHQWZD\VWRUHPHGLDWHFRQWDPLQDWHGVLWHV
0ROHFXODUWHFKQLTXHPD\DOVREHXVHGIRUPRQLWRULQJSXUSRVHVRIFKHPLFDOSROOXWLRQ
LQWKHHQYLURQPHQW$UHFHQWVWXG\XVHGDKLJKWKURXJKSXWT3&5DUUD\WRGHWHFWHG
XQLTXHDQWLELRWLFUHVLVWDQFHJHQHVDVVRFLDWHGWRPDQXUHSURFHVVLQJDQGODQGGLVSRVDO
LQFRPPHUFLDOVZLQHIDUPVLQ&KLQD=KXHWDO7KHUHIRUHWHFKQLTXHVVXFK
DVQH[WJHQHUDWLRQVHTXHQFLQJDQGKLJKWKURXJKSXWTXDQWLWDWLYH3&5DVVD\VKDYH
WKHSRVVLELOLW\WRWUDQVIRUPWKHVWXG\RIKRZFKHPLFDOVLQWHUDFWZLWKDQGLQÁXHQFH
m
icrobial com
m
unities. 
7KHREMHFWLYHVRIWKLVWKHVLVZHUHWRLPSOHPHQWFXUUHQWO\DYDLODEOHPROHFXODUWHFKQLTXHV
IRUWKHDVVHVVPHQWRISRWHQWLDOHIIHFWVRIDYDULHW\RIV\QWKHWLFFKHPLFDOVRQDTXDWLF
m
icrobial com
m
unities, and how
 in turn m
icrobial com
m
unities m
ight affect the fate of 
VXFKFKHPLFDOVLQDTXDWLFHFRV\VWHPV
C
H
A
P
T
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R
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14 8LIWMWSYXPMRI
T
his thesis starts w
ith an assessm
ent of how
 m
uch incom
plete D
N
A
 extractions from
 
an environm
ental m
atrix, such as soil, m
ay affect m
icrobial com
m
unity characterization. 
In C
h
a
p
te
r 2, six different soils are used to determ
ine w
hether apparent com
position 
of m
icrobial com
m
unities, as w
ell as m
icrobial abundances, change due to successive 
D
N
A
 extractions perform
ed on the sam
e sam
ple. 
In C
h
a
p
te
r 3
, the effects of a w
idely used fungicide, tebuconazole, on non-target 
DTXDWLFEDFWHULDODQGIXQJDOFRPPXQLWLHVZHUHDVVHVVHGLQDVHPLÀHOGVWXG\0RUHRYHU
indirect effects at a higher trophic level, resulting from
 the effects on the m
icrobial 
com
m
unities, w
ere studied w
hen tebuconazole exposed leaf m
aterial w
as fed to 
OHDIVKUHGGLQJRUJDQLVPV7KHIXQJLFLGHFRQFHQWUDWLRQXVHGLQWKHVHPLÀHOGVWXG\
w
as chosen based on a threshold derived from
 a “non-m
icrobial” species sensitivity 
distribution. 
C
h
a
p
te
r 4GHVFULEHVWKHGHYHORSPHQWRIEDFWHULDOFRPPXQLWLHVLQDUWLÀFLDOVHGLPHQWV
GXULQJSUHHTXLOLEUDWLRQDQGH[SRVXUHSKDVHVRIDZKROHVHGLPHQWWHVW)XUWKHUPRUH
the abundance of selected functional genes, w
hich are involved in im
portant ecosystem
 
functions m
ediated by m
icrobes, w
as determ
ined during the w
hole-sedim
ent test. 
Potential im
plications of bacterial com
m
unity developm
ent during sedim
ent toxicity 
tests are discussed and suggestions for test im
provem
ent are given. 
C
h
a
p
te
rs 
5
 
a
n
d
 
6DVVHVVWKHHFRORJLFDOLPSDFWRIWKHÁXRURTXLQRORQHDQWLELRWLF
HQURÁR[DFLQRQWKHVWUXFWXUHDQGIXQFWLRQRIWURSLFDOIUHVKZDWHUHFRV\VWHPVDVZHOODV
on the developm
ent of antibiotic resistance. In C
h
a
p
te
r 5WKHHIIHFWVRIHQURÁR[DFLQ
on the com
m
unity structure of m
acroinvertebrates, zooplankton, phytoplankton, 
periphyton and bacteria are m
onitored. Tw
o functional endpoints w
ere assessed as w
ell, 
i.e. organic m
atter decom
position and nitrogen cycling. C
h
a
p
te
r 6 describes the effect 
RIHQURÁR[DFLQRQWKHFRPSRVLWLRQRIVHGLPHQWEDFWHULDOFRPPXQLWLHVDQGUHODWLYH
abundance of m
ultiple antibiotic resistance genes. 
In C
h
a
p
te
r 7DJHQHUDOGLVFXVVLRQRIWKHPDLQÀQGLQJVRIWKLVWKHVLVLVSURYLGHGDVZHOO
as future prospective for the use of m
olecular tools for the ecological risk assessm
ent 
of chem
icals. 
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C
urrently, characterization of soil m
icrobial com
m
unities relies heavily on the use of 
m
olecular approaches. Independently of the approach used, soil D
N
A
 extraction is a 
crucial step. Success of dow
nstream
 procedures used for m
icrobial characterization 
w
ill depend on how
 w
ell D
N
A
 extraction w
as perform
ed. O
ften, studies describing 
and com
paring soil m
icrobial com
m
unities are based on a single D
N
A
 extraction, 
w
hich m
ay not lead to a representative recovery of D
N
A
 from
 all organism
s present 
in the soil. To determ
ine w
hether successive D
N
A
 extractions, perform
ed on the sam
e 
soil sam
ple, w
ould lead to different observations in term
s of m
icrobial abundance, 
com
m
unity com
position, w
e perform
ed three successive extractions, w
ith tw
o w
idely 
used com
m
ercial kits, on six different soil sam
ples. Successive extractions increased 
considerably D
N
A
 yield, as w
ell as total bacterial and fungal abundances in m
ost of 
WKHVRLOVDPSOHVS\URVHTXHQFLQJDQDO\VHVRIWKH6DQG6U51$JHQHVUHYHDOHG
that m
icrobial com
m
unity com
position (taxonom
ic groups) observed in the successive 
D
N
A
 extractions w
ere sim
ilar. Successive D
N
A
 extractions revealed a few
 additional 
m
icrobial groups, w
hich w
ere not observed w
ith a single extraction. H
ow
ever, relative 
abundance of these additional groups w
as very low. N
evertheless, for som
e soil sam
ples 
shifts in m
icrobial com
m
unity com
position w
ere observed, m
ainly due to shifts in 
relative abundance of a num
ber of m
icrobial groups. 
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M
icroorganism
s are key to various biogeochem
ical processes that drive life on E
arth 
(Falkow
ski et al., 2008). Soil is one of the m
ost diverse biom
es found on E
arth and 
a large reservoir of m
icrobial diversity (B
ardgett and van der P
utten, 2014; G
ans et 
al., 2005; Torsvik et al., 1990; Torsvik et al., 2002). B
esides being essential drivers of 
biogeochem
ical processes, soil m
icroorganism
s also play an im
portant role in processes 
VXFKDVSODQWQXWULWLRQ0HQGHVHWDOGLVHDVHVXSSUHVVLRQ0HQGHVHWDO
biorem
ediation (M
aphosa et al., 2012), global w
arm
ing m
itigation (B
ender et al., 2014), 
to just nam
e a few. H
ow
ever, understanding the m
echanism
s behind all these processes 
is not an easy task, since the vast m
ajority of m
icroorganism
s are still unculturable 
(H
aw
ksw
orth and R
ossm
an, 1997; Torsvik and Ø
vreås, 2002). T
he introduction 
of culture independent m
ethodologies has revolutionized the w
ay soil m
icrobial 
com
m
unities are studied. E
xtracting and characterizing D
N
A
 has becom
e trivial in 
m
ost soil m
icrobial ecology studies (D
elm
ont et al., 2012; N
avarrete et al., 2015; Pan 
et al., 2014; T
ahir et al., 2015). M
oreover, constant im
provem
ents and accessibility of 
KLJKWKURXJKSXWVHTXHQFLQJWHFKQRORJLHVKDYHDOORZHGUHVHDUFKHUVWRFKDUDFWHUL]HVRLO
m
icrobial com
m
unities in an unprecedented w
ay and at ecologically relevant scales and 
resolution of tim
e, space and environm
ental conditions. 
D
ue to its stability, D
N
A
 is often the nucleic acid of choice to be used to characterize 
m
icrobial com
m
unities in soils. O
nce extracted, D
N
A
 can be used in a range of 
experim
ents that m
ay provide insights w
ith respect to the abundance, diversity and 
functional potential of soil m
icrobial com
m
unities. T
herefore, successful characterization 
RIVRLOPLFURELDOFRPPXQLWLHVLVGLUHFWO\GHSHQGHQWRQWKHTXDOLW\RIWKH'1$H[WUDFWHG
from
 such soil sam
ple. W
ith the introduction of culture independent m
ethodologies 
to study soil m
icrobial com
m
unities, a variety of soil D
N
A
 extraction protocols have 
EHHQGHYHORSHG%HUU\HWDO%XUJPDQQHWDO/LOHVHWDO5REHHW
DO=KRXHWDO+RZHYHU'1$H[WUDFWLRQIURPVRLOFDQEHODERULRXV
DQGSUREOHPDWLF%UDLGHWDO'RQJHWDO)URVWHJDUGHWDO5REHHW
DO2IWHQDVDQDOWHUQDWLYHWRVLPSOLI\DQGVWDQGDUGL]HSURFHGXUHVFRPPHUFLDO
D
N
A
 extraction kits are used. C
om
parison of different soil D
N
A
 extraction protocols, 
including com
m
ercial kits, has show
n that D
N
A
 yield and purity varies greatly depending 
on the protocol and soil type (B
urgm
ann et al., 2001; Inceoglu et al., 2010; K
nauth 
HWDO7KHUHIRUHHYHU\'1$H[WUDFWLRQSURWRFROKDVLWVRZQELDVDQGLWZLOO
yield D
N
A
 that is representative of a portion of the m
icrobial com
m
unity present in 
the original soil sam
ple (D
elm
ont et al., 2011). Feinstein et al. (2009) analyzed D
N
A
 
H[WUDFWLRQHIÀFLHQF\RIDFRPPRQO\XVHGFRPPHUFLDOVRLO'1$H[WUDFWLRQNLWDQG
indicated that not all m
icrobial D
N
A
 present in a soil sam
ple is extracted w
ith a single 
D
N
A
 extraction. W
hen soil D
N
A
, from
 successive D
N
A
 extractions perform
ed on 
a single sam
ple, w
as used to characterize m
icrobial com
m
unities, substantial shifts 
C
H
A
P
T
E
R
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22 in the bacterial com
m
unity w
ere observed. H
ere, to investigate further how
 bias of 
incom
plete soil D
N
A
 extraction m
ay affect m
icrobial characterization, w
e expanded 
RQWKHUHSRUWHGÀQGLQJVE\)HLQVWHLQHWDO7ZRZLGHO\XVHGFRPPHUFLDOVRLO
D
N
A
 extraction kits w
ere used to extract D
N
A
 from
 a variety of soils. Successive D
N
A
 
extractions w
ere perform
ed on six different soils collected throughout the N
etherlands, 
and bacterial and fungal abundances, as w
ell as com
m
unity diversity and com
position 
RIHDFKVXFFHVVLYHH[WUDFWLRQZHUHDVVHVVHGE\XVLQJQH[WJHQHUDWLRQVHTXHQFLQJ
WHFKQRORJ\WRVHTXHQFH6DQG6ULERVRPDO51$U51$JHQHDPSOLFRQV
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Soil sam
ples as w
ell as sam
pling procedure used in the present w
ork have been described 
SUHYLRXVO\.XUDPDHHWDO%ULHÁ\VRLOFRUHVFPGLDPHWHU;FPGHHSZHUH
VDPSOHGLQVL[FRQWUDVWLQJÀHOGVORFDWHGLQGLIIHUHQWUHJLRQVWKURXJKRXWWKH1HWKHUODQGV
)LJXUH66RLOVDPSOHVZHUHFKRVHQWRUHSUHVHQWÀYHRIWKHPRVWLPSRUWDQWODQG
PDQDJHPHQWSUDFWLFHVLQWKH1HWKHUODQGVFRQYHQWLRQDODQGRUJDQLFDUDEOHÀHOG
pasture, pine and deciduous forest). M
oreover, soil sam
ples w
ere chosen and separated 
according to sand and clay content (T
able S1). A
fter sam
pling, soil sam
ples w
ere sieved 
and stored at -80 ºC
 until further processing. 
(2%I\XVEGXMSRERHUYERXMƈGEXMSR
Soil D
N
A
 w
as extracted from
 each soil sam
ple using tw
o different com
m
ercial kits, 
w
hich are w
idely used for such purpose (K
uram
ae et al., 2012; M
artin-L
aurent et al., 
0HQGHVHWDO6XWWRQHWDO7KUHHUHSOLFDWHVZHUHH[WUDFWHGIURP
each soil sam
ple. T
he Pow
erSoil D
N
A
 isolation kit (M
oB
io L
aboratories, C
arlsbad, 
C
A
, U
SA
) and the FastD
N
A
 Spin kit for soil (M
P
 B
iom
edicals, Solon, O
H
, U
SA
) w
ere 
XVHGDFFRUGLQJPDQXIDFWXUHU·VLQVWUXFWLRQVZLWKIHZPRGLÀFDWLRQV7KHEHDGEHDWLQJ
step of the Pow
erSoil D
N
A
 isolation kit (P
S) w
as done at 5.5 m
 s
-1 for 10 m
in, using 
D5HWVFK00PL[HUPLOO5HWVFK*PE++DDQ*HUPDQ\6DPSOHVH[WUDFWHGZLWK
the FastD
N
A
 Spin kit for soil (F
S) w
ere processed using a FastP
rep24 instrum
ent (M
P
 
B
iom
edicals). For both kits, an initial D
N
A
 extraction w
as follow
ed by a successive 
extraction, w
hich w
as then follow
ed by another extraction after sam
ples had been stored 
overnight at -20 ºC
 (F
igure S2). T
herefore, three D
N
A
 extractions w
ere perform
ed on 
three replicates of the six soil sam
ples, resulting in a total of nine D
N
A
 extracts per 
VRLODQGH[WUDFWLRQNLW,QWRWDOÀIW\IRXU'1$H[WUDFWLRQVZHUHSHUIRUPHGSHU'1$
H[WUDFWLRQNLW$IWHUWKHEHDGEHDWLQJVWHSRIWKHÀUVWH[WUDFWLRQ(WXEHVFRQWDLQLQJ
EHDGVDQGVRLOZHUHNHSWRQLFHXQWLOH[WUDFWLRQKDGEHHQÀQLVKHG7RVWDUWWKHVHFRQG
extraction (E
2), w
hile using P
S, solution from
 new
 Pow
erB
ead tubes, w
ithout beads, 
ZDVDGGHGWR3RZHU%HDGWXEHVXVHGLQWKHÀUVWH[WUDFWLRQ$IWHUWKDW'1$H[WUDFWLRQ
proceeded exactly in the sam
e w
ay as for E
1. A
fter the bead-beating step of E
2, tubes 
FRQWDLQLQJEHDGVDQGVRLOZHUHVWRUHRYHUQLJKWDW&7KHWKLUGDQGÀQDOH[WUDFWLRQ
(ZDVSHUIRUPHGDVGHVFULEHGIRU(DQG(7KHSURFHGXUHGHVFULEHGIRU36ZDV
also used for F
S; w
hen initiating a new
 D
N
A
 extraction sodium
 phosphate buffer and 
M
T
 buffer w
ere added to the lysis m
atrix tubes containing beads and soil. V
olum
es 
of added buffers w
ere alw
ays in line w
ith m
anufacturer’s instructions. E
xtraction 
proceeded norm
ally afterw
ards. Supernatant recovery, throughout the w
hole D
N
A
 
extraction procedure, w
as done carefully in order to obtain a com
plete recovery and 
m
inim
ize carryover of D
N
A
 from
 one extraction to another. W
hen higher volum
es of 
C
H
A
P
T
E
R
 2
24 supernatant w
ere recovered, com
pared to m
anufacturer’s instructions, adjusted volum
es 
of solutions w
ere used in order to m
aintain the proper concentration of reagents. 
7RWDO'1$TXDQWLW\DQGTXDOLW\ZHUHPHDVXUHGXVLQJD4XELWÁXRURPHWHU/LIH
Technologies, C
arlsbad, C
A
, U
SA
) and a N
anoD
rop 1000 spectrophotom
eter (T
herm
o 
6FLHQWLÀF:LOPLQJWRQ'(86$DVZHOODVYLVXDOL]HGRQZYDJDURVHJHOXQGHU
U
V
 light after staining w
ith ethidium
 brom
ide. T
ris-acetate-E
D
T
A
 (T
A
E
) buffer w
as 
used for gel preparation and electrophoresis. 
&EGXIVMEPERHJYRKEPEFYRHERGIW
4XDQWLWDWLYHUHDOWLPH3&5T3&5ZDVXVHGWRGHWHUPLQHWRWDOEDFWHULDODQGIXQJDO
abundances in each soil sam
ple by targeting the 16S and 18S rR
N
A
 genes, respectively. 
T3&5UHDFWLRQVZHUHSHUIRUPHGLQDZHOOSODWH%LR5DG+HUFXOHV&$86$XVLQJ
D&);5HDO7LPH3&5'HWHFWLRQV\VWHP%LR5DG$OOVDPSOHVVRLOVDPSOHV
w
ere analyzed in triplicate, and reactions w
ere carried out in a total volum
e of 10 µL
. 
T3&5UHDFWLRQVZHUHSUHSDUHGXVLQJ/RIL46<%5*UHHQVXSHUPL[%LR5DG
0.4 µL
 of forw
ard and reverse prim
ers (10 µM
), 0.1 µL
 of B
SA
 (20 m
g/m
L
), 0.1 µL
 
RI9LVL%OXH70T3&5PL[FRORUDQW7$7$$%LRFHQWHU*RWKHQEXUJ6ZHGHQDQG
µL
 of D
N
A
 (2.5 ng/µL
). P
rim
er com
binations and cycle conditions are described in 
7DEOH$WWKHHQGRIHDFKT3&5UXQDPHOWLQJFXUYHDQDO\VLVZDVSHUIRUPHGIURP
WR&ZLWKDQLQFUHDVHRI&HYHU\V3XULW\RIWKHT3&5SURGXFWVZDV
checked by the observation of a single peak on the m
elting curve, w
hile correct size 
RIWKHDPSOLFRQVZDVFRQÀUPHGRQDZYDJDURVHJHO)RUHDFKT3&5UHDFWLRQ
a standard curve com
prising serial 10-fold dilutions of the target gene w
as created. 
Standards w
ere obtained by am
plifying the target genes from
 the follow
ing sources: 
E
scherichia coli (16S rR
N
A
 gene) and A
spergillus niger (18S rR
N
A
 gene).
*YRKEPGSQQYRMX]EREP]WMWF]86*04
Term
inal restriction fragm
ent length polym
orphism
 (T
-R
F
L
P
) w
as used to determ
ine 
w
hether the fungal com
m
unity of a soil sam
ple w
as different am
ong the three successive 
D
N
A
 extractions perform
ed. Internal transcribed spacer (IT
S) regions w
ere used to 
target fugal com
m
unity by am
plifying IT
S1 region, 5.8S rR
N
A
 gene and IT
S2 region 
XVLQJVSHFLÀFSULPHUV7DEOH$VLQJOHUHSOLFDWHIURPHDFKVRLOVDPSOHZDVFKRVHQWR
determ
ine the fungal com
m
unity by T
-R
F
L
P. T
herefore, only eighteen sam
ples per D
N
A
 
extraction kit w
ere analyzed. T
hree P
C
R
 reactions w
ere perform
ed for each sam
ple. 
3&5ZDVSHUIRUPHGZLWKÀQDOYROXPHUHDFWLRQRI/FRQWDLQHG/RI;3&5
reaction buffer w
ith 20 m
M
 of M
gC
l2  (R
oche A
pplied Sciences, Indianapolis, IN
, U
SA
), 
200 µM
 of dN
T
P
s, 1 µM
 of each prim
er, 1.25 U
 of Fast Start D
N
A
 polym
erase (R
oche 
A
pplied Sciences) and 5 µL
 of tem
plate D
N
A
 (5 ng/µL
). C
ycle conditions are given 
LQ7DEOH7KHIRUZDUGSULPHUZDVODEHOOHGZLWKWKHÁXRUHVFHQWG\H)$0ZKLOHWKH
reverse prim
er w
as labelled w
ith N
E
D
 (A
pplied B
iosystem
s, Foster C
ity, C
A
, U
SA
). 
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6XFFHVVIXODPSOLÀFDWLRQZDVFRQÀUPHGE\UXQQLQJ3&5SURGXFWVRQDZY
agarose gel. P
C
R
 products w
ere digested w
ith 10 units of H
ha,7KHUPR6FLHQWLÀFDW
&IRUK(Q]\PHLQDFWLYDWLRQZDVSHUIRUPHGE\LQFXEDWLRQDW&IRUPLQ
$IWHULQDFWLYDWLRQGLJHVWHG3&5SURGXFWVZHUHSXULÀHGXVLQJHWKDQROSUHFLSLWDWLRQ
A
ppropriate dilutions, based on test runs of term
inal restriction fragm
ents (T
R
F
s), 
ZHUHDQDO\]HGZLWKDQ$%,VHTXHQFHUXVLQJ*HQH6FDQ
/,=$SSOLHG
B
iosystem
s) as a size standard.
4VSOEV]SXMGERHJYRKEPGSQQYRMX]EREP]WIWF]T]VSWIUYIRGMRK
P
rokaryotic and fungal com
m
unity com
position, as w
ell as diversity w
ere investigated by 
S\URVHTXHQFLQJ/LIH6FLHQFHV5RFKH7KHSURNDU\RWLFFRPPXQLW\EDFWHULDO
DQGDUFKDHDOFRPPXQLWLHVZDVWDUJHWHGE\DPSOLÀFDWLRQRI9DQG9UHJLRQVRIWKH
6U51$JHQHZKLOHWKHIXQJDOFRPPXQLW\ZDVDVVHVVHGE\DPSOLÀFDWLRQRI9DQG
V
8 regions of the 18S rR
N
A
 gene. A
m
plicons w
ere generated by P
C
R
 reactions of 50 
µL
 (total volum
e) containing 5 µL
 of 10X
 P
C
R
 reaction buffer w
ith 20 m
M
 of M
gC
l2  
(R
oche A
pplied Sciences), 200 µM
 of dN
T
P
s, 1 µM
 of each prim
er, 1.25 U
 of Fast Start 
D
N
A
 polym
erase (R
oche A
pplied Sciences) and 5 µL
 of tem
plate D
N
A
 (5 ng/µL
). 
3&5UHDFWLRQVZHUHSHUIRUPHGLQGXSOLFDWHZKLFKZHUHPL[HGSULRUWRSXULÀFDWLRQ$V
for T
-R
F
L
P, only a single replicate of each sam
ple w
as used (sam
e replicate as used for 
T
-R
F
L
P
). H
ence, only eighteen sam
ples per D
N
A
 extraction kit w
ere analysed. P
rim
er 
VHTXHQFHVDQGF\FOHFRQGLWLRQVDUHVKRZQLQ7DEOH&RQÀUPDWLRQRIDPSOLÀFDWLRQ
ZDVSHUIRUPHGE\HOHFWURSKRUHVLVRI3&5SURGXFWVRQDZYDJDURVHJHO3&5
SURGXFWVZHUHSXULÀHGXVLQJWKH*HQH-(73&53XULÀFDWLRQ.LW7KHUPR6FLHQWLÀFDQG
TXDQWLÀHGXVLQJD4XELW)OXRURPHWHU/LIH7HFKQRORJLHV3XULÀHGDQGTXDQWLÀHG
3&5SURGXFWVZHUHWKHQPL[HGLQHTXLPRODUDPRXQWVDWDÀQDOFRQFHQWUDWLRQRI
QJ/7KHHTXLPRODUPL[WXUHZDVSXULÀHGE\HOHFWURSKRUHVLVRISRROHGDPSOLFRQVLQ
DZYDJDURVHJHODQGH[FLVLRQRIWKHEDQG'1$ZDVUHFRYHUHGIURPDJDURVH
XVLQJWKH*HQH-(7*HO([WUDFWLRQ.LW7KHUPR6FLHQWLÀF*HOSXULÀHGDPSOLFRQVZHUH
VHTXHQFHGXVLQJDQ)/;JHQRPHVHTXHQFHULQFRPELQDWLRQZLWKWLWDQLXPFKHPLVWU\
(M
acrogen Inc., Seoul, South K
orea). 
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(EXEEREP]WMW
D
ifferences in D
N
A
 yield, bacterial and fungal abundances, represented as percentage 
RIUHFRYHU\DIWHUÀUVWVHFRQGDQGWKLUGH[WUDFWLRQZHUHDQDO\]HGE\WZRZD\$129$
XVLQJVRIWZDUH,%063666WDWLVWLFVIRU0DFLQWRVKYHUVLRQ,%0&RUS$UPRQN1<
U
SA
). Sim
ilarly, a tw
o-w
ay A
N
O
V
A
 w
as used to analyze differences in total D
N
A
 yield 
as w
ell as bacterial and fungal abundances observed after all three successive extractions. 
75)/3DQDO\VHVZHUHSHUIRUPHGDFFRUGLQJWR0HQGHVHWDO%ULHÁ\SURÀOHVZHUH
analyzed using PeakScanner v1.0 softw
are (A
pplied B
iosystem
s), and T
R
F
s of less than 
50 bp and bigger than 800 bp w
ere excluded. T
he relative abundance of a single T
R
F
 
ZDVFDOFXODWHGDVSHUFHQWÁXRUHVFHQFHLQWHQVLW\UHODWLYHWRWRWDOÁXRUHVFHQFHLQWHQVLW\RI
the peaks (C
ulm
an et al., 2008). A
n average of three replicates w
as calculated for each 
individual sam
ple. P
rincipal C
om
ponent A
nalysis (P
C
A
) w
as used in order to assess 
differences in fungal com
m
unity com
position betw
een successive D
N
A
 extractions of 
a single sam
ple, w
ithin a single D
N
A
 extraction kit. M
ultivariate statistical analysis w
as 
perform
ed using softw
are C
anoco 4.5 (B
iom
etris, W
ageningen, the N
etherlands).
6HTXHQFLQJDQDO\VHVZHUHSHUIRUPHGXVLQJD6QDNHPDNHZRUNÁRZ.RVWHUDQG5DKPDQQ
2012), w
hich follow
s a standard operating procedure for 454 data in m
othur version 
6FKORVVHWDO)ORZJUDPVZHUHGHPXOWLSOH[HGDOORZLQJWZRPLVPDWFKHV
RQWKHEDUFRGHVDQGWKUHHPLVPDWFKHVRQWKHIRUZDUGSULPHUÁRZJUDPVZHUHWULPPHG
WRDVL]HRIÁRZV)ORZJUDPVZHUHFRUUHFWHGXVLQJWKHVKKKÁRZVFRPPDQG
w
hich is a m
othur im
plem
entation of the original P
yroN
oise algorithm
 (Q
uince et al., 
$IWHUZDUGVUHVXOWVRIWKHGLIIHUHQWVIIÀOHVZHUHFRPELQHGIRUIXUWKHUDQDO\VLV
0HUJHGVHTXHQFHVZHUHDOLJQHGDQGFODVVLÀHGZLWK6,1$3UXHVVHHWDODJDLQVW
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WKH6,/9$GDWDEDVH4XDVWHWDO$IWHUDOLJQPHQWVRPHUHDGVGLGQRWDOLJQ
to the sam
e region as m
ost of the reads. T
herefore, reads w
ere kept if containing at 
OHDVWRILWVVHTXHQFHDOLJQHGWRDUHJLRQFRPPRQWRDOOUHDGV7RUHGXFHVHTXHQFH
HUURUVVHTXHQFHVWKDWZHUHZLWKLQWZRPLVPDWFKHVRIHDFKRWKHUZHUHPHUJHG&KLPHULF
VHTXHQFHVZHUHLGHQWLÀHGDQGUHPRYHGXVLQJ8&+,0((GJDUHWDO2SHUDWLRQDO
WD[RQRPLF8QLWV278VZHUHIRUPHGDWPD[LPXPGLVWDQFHRIXVLQJWKHGLVWVHTV
com
m
and and average neighbor clustering. For each O
T
U
 a consensus taxonom
y w
as 
GHWHUPLQHGXVLQJWKHFODVVLI\RWXFRPPDQG5HSUHVHQWDWLYHVHTXHQFHVIRUHDFK278
w
ere re-aligned to the SILV
A
 reference alignm
ent, and a neighbor joining tree w
as 
FUHDWHGXVLQJWKHFOHDUFXWSURJUDP6KHQHPDQHWDO7D[RQRPLFFODVVLÀFDWLRQ
and O
T
U
 clustering data w
ere com
bined into the B
IO
M
 form
at (M
cD
onald et al., 
IRUIXUWKHUGRZQVWUHDPDQDO\VHVZLWKWKH3K\ORVHT0F0XUGLHDQG+ROPHV
SDFNDJHIRU55&RUH7HDP'XHWRDORZTXDOLW\VHTXHQFLQJRXWSXW
(SHUIRUPHGZLWK)6RQVRLOZDVUHPRYHGIURPWKHIXQJDOGDWDVHWDIWHUVHTXHQFH
TXDOLW\FRQWURO1XPEHUVRIUHDGVZHUHQRWUDUHÀHGDPRQJVDPSOHVQRUPDOL]HGWRWKH
low
est num
ber of reads) before clustering analysis, since recent w
ork has show
n that 
rarefying is unnecessary (M
cM
urdie and H
olm
es, 2014). Instead, O
T
U
 raw
 abundances 
w
ere transform
ed to relative abundances prior analysis, w
hich has been show
n to be 
an alternative to rarefying (M
cM
urdie and H
olm
es, 2014). P
rior to clustering analysis, 
sam
ple-w
ise singletons and doubletons w
ere discarded, w
here an O
T
U
 w
ould be kept 
only if observed in at least one sam
ple and contained at least three reads. 
'LYHUVLW\DQDO\VHVZHUHSHUIRUPHGXVLQJ278WDEOHVWKDWKDGEHHQUDUHÀHGWRWKH
low
est num
ber of reads and included singletons and doubletons. T
he low
est num
ber 
RIUHDGVIRUWKH6U51$GDWDVHWZDVZKHUHDVIRUWKH6U51$GDWDVHWLWZDV
$QDGGLWLRQDOÀOWHULQJVWHSZDVGRQHRQO\IRUWKH6U51$JHQHGDWDVHWZKHUH
only reads belonging to the kingdom
 F
ungi w
ere kept for dow
nstream
 analyses. For all 
VWDWLVWLFDOWHVWVSHUIRUPHGVWDWLVWLFDOVLJQLÀFDQFHZDVDFFHSWHGDWp <
 0.05.
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(2%]MIPH
O
verall, D
N
A
 extraction w
ith both com
m
ercial kits yielded a substantial am
ount of 
'1$UHJDUGOHVVRIVRLOW\SH,QGHSHQGHQWO\RIVRLOW\SHHIÀFLHQF\ZDVKLJKHUZKHQ
using F
S than P
S. F
S yielded around four tim
es m
ore D
N
A
 from
 clay soils and around 
three tim
es m
ore D
N
A
 from
 sandy soils than P
S (average values of all replicates) 
(F
igure 1, T
able S2). For alm
ost all soil sam
ples, D
N
A
 extractions perform
ed w
ith 
both kits yielded the highest D
N
A
 concentration in E
1, except for clay soil 18 (P
S 
H[WUDFWLRQDQGVDQG\VRLOH[WUDFWLRQSHUIRUPHGZLWKERWKNLWVZKLFKVKRZHGWKH
highest D
N
A
 yield after E
2 (T
able S2). D
N
A
 extraction of soil 12 (clay) w
as sim
ilar 
IRUERWKNLWVZKHUHWKHKLJKHVWDPRXQWRI'1$ZDVH[WUDFWHGLQ(DURXQGRI
WRWDO'1$REWDLQHGZLWK(DQG(VKRZLQJORZHU'1$FRQFHQWUDWLRQFRPSDUHG
to previous extractions (F
igure 1A
, 1C
 and T
able S2A
). L
ess than half of the total 
'1$REWDLQHGIURPVRLOFOD\ZDVH[WUDFWHGLQ(IRUERWKNLWVZLWK(DQG(
still yielding substantial am
ounts of D
N
A
 (F
igure 1A
, 1C
 and T
able S2A
). Soil 19 (clay) 
show
ed distinct D
N
A
 extraction patterns w
hen com
paring both kits (F
igure 1A
 and 
&8VLQJ36DURXQGRIWRWDO'1$H[WUDFWHGZDVUHFRYHUHGLQ()LJXUH$
+RZHYHUZKHQXVLQJ)6RQO\RIWKHWRWDO'1$H[WUDFWHGZDVUHFRYHUHGLQ(
(F
igure 1C
). A
m
ong clay soils, regardless of the kit used, soil 19 yielded the highest 
total D
N
A
 concentration follow
ed by soil 12 and soil 18. T
he sam
e trend w
as also 
observed for sandy soils, w
here soil 2, pasture soil as soil 19, yielded the highest total 
'1$FRQFHQWUDWLRQIROORZHGE\VRLODQGVRLO)LJXUH%'DQG7DEOH6%
D
N
A
 extractions of soil 2 show
ed a sim
ilar pattern regardless the kit used, w
ith 55-
RI'1$REWDLQHGLQ()LJXUH%'DQG7DEOH6%7KHVDPHZDVREVHUYHG
IRUVRLOZLWKDSSUR[LPDWHO\RIWKHWRWDO'1$UHFRYHUHGEHLQJH[WUDFWHGLQ
()LJXUH%'DQG7DEOH6%&RPSDULQJDOOWKUHHVXFFHVVLYHH[WUDFWLRQVVRLO
show
ed the highest D
N
A
 concentration in E
2, for both kits (F
igure 1B, 1D
 and T
able 
6%$SSUR[LPDWHO\RIWKHWRWDO'1$H[WUDFWHGZDVREWDLQHGLQ(ZLWK(
\LHOGLQJPRUH'1$WKDQ('LIIHUHQWVRLOPDQDJHPHQWLQÁXHQFHGWKHWRWDODPRXQW
of D
N
A
 obtained, regardless of D
N
A
 extraction m
ethodology. Pasture soil yielded a 
considerably higher am
ount of total D
N
A
 com
pared to other m
anagem
ents, w
ith pine 
IRUHVWVRLOVKRZLQJWKHOHDVWDPRXQWRI'1$'1$H[WUDFWLRQNLWKDGDVLJQLÀFDQW
HIIHFWRQWKHWRWDO'1$\LHOGZLWK)6H[WUDFWLQJVLJQLÀFDQWO\PRUH'1$WKDQ36p <
 
KRZHYHUVRLOW\SHGLGQRWVLJQLÀFDQWO\LQÁXHQFH'1$\LHOGp >
 0.05). N
either 
VRLOW\SHQRU'1$H[WUDFWLRQNLWKDGDVLJQLÀFDQWHIIHFWRQ'1$\LHOGLQ((DQG
(UHFRYHU\SHUFHQWDJHp >
 0.05). 
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7(SJEPP
XLVIIFMSPSKMGEPVITPMGEXIWEVITVIWIRXIHJSVIEGL(2%I\XVEGXMSR%GPE]WSMPWI\XVEGXIH
[MXL47&WERH]WSMPWI\XVEGXIH[MXL47'GPE]WSMPWI\XVEGXIH[MXL*7(WERH]WSMPW
I\XVEGXIH[MXL*7
&EGXIVMEPERHJYRKEPEFYRHERGIWMRWYGGIWWMZI(2%I\XVEGXMSRW
2YHUDOOT3&5UHVXOWVRIERWKWDUJHWHGJHQHV6DQG6U51$LQGLFDWHGVLPLODU
SDWWHUQVDVREVHUYHGLQ'1$TXDQWLÀFDWLRQRIDOOVRLOVDPSOHV)LJXUHVDQG
B
acterial and fungal abundances in soil 12 (clay) decreased w
ith successive extractions, 
for both D
N
A
 kits, w
here no substantial increase in cum
ulative abundance could be 
VHHQDIWHU()LJXUHV$&$DQG&,QWHUHVWLQJO\VRLOFOD\SUHVHQWHGDOPRVW
constant bacterial and fungal abundances in all three D
N
A
 extractions, w
hich resulted in 
a linear cum
ulative abundance increase w
ith successive extractions for both kits (F
igures 
$&$DQG&'LIIHUHQWO\IURPWKHRWKHUWZRFOD\VRLOVVRLOFOD\VKRZHG
C
H
A
P
T
E
R
 2
 contrasting results w
hen com
paring D
N
A
 extraction kits. W
hen using P
S, bacterial and 
IXQJDODEXQGDQFHVLQ(DQG(ZHUHYHU\ORZFRPSDUHGWR(LQGLFDWLQJWKDWDOPRVW
all bacterial and fungal D
N
A
 available had been already extracted in E
1 (F
igures 2A
 
DQG$:KHQXVLQJ36DURXQGDQGRIWRWDOEDFWHULDODQGIXQJDO'1$ZDV
recovered in E
1, respectively. H
ow
ever, w
hen using F
S, bacterial and fungal abundances 
DVPHDVXUHGLQ(DQG(ZHUHFRQVLGHUDEO\KLJKFRPSDUHGWR()LJXUHV&DQG&
indicating that substantial am
ounts of bacterial and fungal D
N
A
 w
ere still present in the 
soil sam
ple after E
1. A
s observed for total D
N
A
 yield, bacterial and fungal abundances 
in clay soils w
ere higher in sam
ples extracted w
ith F
S com
pared to P
S. T
he sam
e w
as 
not observed for sandy soils, w
here bacterial and fungal abundances w
ere alw
ays higher 
in soil sam
ples that had D
N
A
 extracted w
ith P
S. Irrespective of the kit used, bacterial 
and fungal abundances in soil 2 (sandy) sam
ples w
ere highest in E
1 (F
igures 2B, 2D
, 
%DQG'+RZHYHUZKHQXVLQJ36DURXQGRQO\KDOIRIWRWDOEDFWHULDODQGIXQJDO
'1$ZDVUHFRYHUHGLQ(ZKHUHDVZKHQXVLQJ)6WKHVHYDOXHVZHUHDURXQG$
very distinct pattern w
as observed for bacterial and fungal abundances in soil 4 (sandy), 
w
hen com
paring D
N
A
 extraction kits. Sam
ples extracted w
ith P
S had a recovery of 
DURXQGRIWRWDOEDFWHULDODQGIXQJDO'1$LQ(ZKHUHDVVDPSOHVH[WUDFWHGZLWK
36VKRZHGDUHFRYHU\RIPRUHWKDQRIWRWDOEDFWHULDDQGIXQJLDEXQGDQFHLQ(
)LJXUHV%'%DQG'$IWHUDOOWKUHHVXFFHVVLYHH[WUDFWLRQVFXPXODWLYHEDFWHULDO
DQGIXQJDODEXQGDQFHVZHUHÀYHWLPHVKLJKHULQVDPSOHVH[WUDFWHGZLWK36FRPSDUHG
to those extracted w
ith F
S, even w
ith D
N
A
 yield being higher in sam
ples extracted w
ith 
)67KHWRWDOQXPEHURIEDFWHULDO6U51$JHQHFRSLHVLQVRLOVDQG\ZDVVLPLODU
for both kits (F
igure 2B
 and 2D
). T
he sam
e w
as observed for total fungal abundance. 
Total bacterial and fungal abundances w
ere slightly higher in sam
ples extracted w
ith P
S, 
how
ever, sam
ples extracted w
ith either kit presented higher fungal abundance in E
2 and 
(FRPSDUHGWR()LJXUH%DQG'ZKLFKZDVQRWQRWLFHGIRUEDFWHULDODEXQGDQFH
$VREVHUYHGIRUVRLODQGDKLJKHUWRWDO'1$\LHOGLQVDPSOHVRIVRLOZKLFKKDG
been extracted w
ith F
S, did not result in higher bacterial and fungal abundances. Such 
contrasting result w
as particular of sandy soils, since clay soils w
ith higher D
N
A
 yield 
presented higher bacterial and fungal abundances. D
ifferent D
N
A
 extractions kits did 
QRWDIIHFWVLJQLÀFDQWO\EDFWHULDOQRUIXQJDODEXQGDQFHLQFOD\DQGVDQG\VRLOVp >
 0.05). 
+RZHYHUEDFWHULDODEXQGDQFHZDVVLJQLÀFDQWO\DIIHFWHGE\VRLOW\SHp <
 0.05).   
T
he use of different com
m
ercial kits for D
N
A
 extraction did neither affect bacterial 
QRUIXQJDODEXQGDQFHSHUFHQWDJHRIUHFRYHU\REVHUYHGDIWHUÀUVWVHFRQGDQGWKLUG
extractions (p!6RLOW\SHKRZHYHUKDGDVLJQLÀFDQWHIIHFWRQWKHWRWDOEDFWHULDO
abundance (p <
 0.05) and fungal abundance (pRQO\DIWHUWKHÀUVWDQGWKLUG
extraction.
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F
ungal com
m
unity com
position w
as initially m
easured by T
-R
F
L
P
 analysis, and P
C
A
 
analysis w
as used to assess differences am
ong different extractions of a single sam
ple, 
w
ithin a single D
N
A
 extraction kit and soil type. Since forw
ard and reverse prim
ers w
ere 
labelled, both w
ere analyzed to investigate w
hether results w
ere consistent independently 
of prim
er use. A
nalyses of both prim
ers show
ed sim
ilar results for both D
N
A
 
H[WUDFWLRQNLWVDQGERWKVRLOW\SHV)LJXUH6DQG6)XQJDOFRPPXQLWLHVGHWHFWHGLQ
clay soils show
ed to be distinct am
ong different land m
anagem
ent types, regardless of 
WKH'1$H[WUDFWLRQNLWXVHG)LJXUH62YHUDOOVXFFHVVLYH'1$H[WUDFWLRQV\LHOGHG
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different fungal com
m
unities in all clay soils. W
ith the use of P
S, soils 12 and 18 show
ed 
clearly different fungal com
m
unities w
hen com
paring the three extractions, w
hereas 
for soil 19 fungal com
m
unity com
position present in E
1 w
as different from
 E
2 and 
(ZKLFKZHUHVLPLODU)LJXUH6$DQG6%5HVXOWVREWDLQHGZLWK)6ZHUHVOLJKWO\
different from
 P
S. Soil 12 presented a different fungal com
m
unity in each successive 
D
N
A
 extraction. H
ow
ever, soil 18 show
ed a sim
ilar fungal com
m
unity present in E
1 
DQG(ZKLFKZDVGLIIHUHQWIURPWKHFRPPXQLW\REVHUYHGLQ()XQJDOFRPPXQLWLHV
GHWHFWHGIRUVRLOZHUHVLPLODUIRUDOOWKUHHH[WUDFWLRQV)LJXUH6&DQG6'$V
observed for clay soils, fungal com
m
unities observed in sandy soils w
ere also distinct 
am
ong different land m
anagem
ent, independently of the D
N
A
 extraction kit used 
(F
igure S4). H
ow
ever, differently from
 clay soils, successive D
N
A
 extractions of sandy 
soils yielded sim
ilar fungal com
m
unities, especially w
hen using P
S (F
igure S4A
 and 
S4B
). Total D
N
A
 extraction w
ith P
S revealed a very different fungal com
m
unity w
hen 
com
paring different sandy soils, but not w
ithin soils. Successive D
N
A
 extraction w
ith 
F
S revealed a different fungal com
m
unity only for soils 2 and 4, w
ith soil 2 show
ing 
DVLPLODUFRPPXQLW\RQWKHÀUVWWZRH[WUDFWLRQVZKHUHDVVRLOSUHVHQWHGDGLIIHUHQW
com
m
unity in all three extractions (F
igure S4C
 and S4D
). 
4VSOEV]SXMGERH*YRKEPGSQQYRMX]EREP]WMWF]T]VSWIUYIRGMRK
To investigate further w
hether successive D
N
A
 extractions of the sam
e soil sam
ple 
\LHOGGLIIHUHQWSURNDU\RWLFDQGIXQJDOFRPPXQLWLHVDVZHOODVWRFRQÀUP75)/3
UHVXOWVIXQJDOFRPPXQLW\QH[WJHQHUDWLRQVHTXHQFLQJZDVSHUIRUPHGRQDOOWKUHH
extractions obtained from
 each soil. C
hao1 index w
as used to m
easure species richness, 
w
hereas com
m
unity diversity w
as m
easured by Shannon index. O
verall, apparent 
SURNDU\RWLFVSHFLHVULFKQHVVLQFOD\VRLOVLQFUHDVHGLQ(RU()LJXUH$ZLWKVRLO
12 and 19 (P
S) being the only tw
o sam
ples that show
ed a decrease in species richness 
w
ith successive extractions. P
rokaryotic com
m
unity diversity decreased w
ith successive 
D
N
A
 extractions (F
igure 4A
), regardless of the D
N
A
 extraction kit used. H
ow
ever, 
IRUVRLO36DQGVRLO)6GLYHUVLW\LQFUHDVHGLQ(FRPSDUHGWRWKHSUHYLRXV
extraction. F
ungal species richness varied considerably across clay soils and D
N
A
 
extraction kit (F
igure 5A
). From
 all sam
ples extracted w
ith F
S, soil 18 w
as the only 
sam
ple that did not have its highest species richness value in E
1. T
he sam
e trend w
as 
observed for sam
ples extracted w
ith P
S, w
here the highest species richness value w
as 
observed in E
1. F
ungal com
m
unity diversity either increased or rem
ained the sam
e 
w
ith successive extractions (F
igure 5A
), regardless of the extraction kit used. Soil 12 
(F
S) w
as the only sam
ple, w
ithin clay soils, that presented a decrease in fungal diversity 
w
ith successive D
N
A
 extractions (F
igure 5A
). O
verall, prokaryotic species richness in 
sandy soils decreased w
ith successive extractions, w
ith soil 2 (P
S and F
S) being the only 
sandy soil w
here species richness w
as highest not in E
1 (F
igure 4B
). Sim
ilar to clay 
soils, prokaryotic diversity in sandy soils decreased w
ith successive extractions (F
igure 
C
H
A
P
T
E
R
 2
 %6RLO36ZDVWKHRQO\H[FHSWLRQZKHUHWKHKLJKHVWGLYHUVLW\ZDVREVHUYHGLQ
E
2. T
he highest fungal species richness value in m
ost of the sandy soil sam
ples w
as 
REWDLQHGRQO\LQ(RU()LJXUH%6RLO)6DQGVRLO36ZHUHH[FHSWLRQVDQG
had their highest species richness value in E
1. F
ungal diversity in sandy soils w
as sim
ilar 
to clay soils, w
here diversity increased w
ith successive D
N
A
 extractions (F
igure 5B
). 
T
he only exception w
as soil 2 (F
S), w
hich show
ed a decrease in diversity w
ith successive 
extractions (F
igure 5B
).
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M
ultidim
ensional scaling analysis (M
D
S), using w
eighted U
nifrac distances (H
am
ady 
et al., 2010), w
as used to com
pare prokaryotic and fungal com
m
unity com
position in 
successive D
N
A
 extractions in both soil types. P
rokaryotic com
m
unity com
position in 
clay soils show
ed to be sim
ilar in all three successive D
N
A
 extractions, regardless of 
the extraction kit used (F
igure 6A
). Soil 12 (P
S) w
as the soil sam
ple that presented the 
m
ost different prokaryotic com
m
unity am
ong successive D
N
A
 extractions, w
ith E
1 
DQG(EHLQJPRUHVLPLODUWRHDFKRWKHU'HVSLWHVXFFHVVLYH'1$H[WUDFWLRQV\LHOGLQJ
sim
ilar prokaryotic com
m
unity com
position, som
e taxa w
ere clearly enriched w
hen 
C
H
A
P
T
E
R
 2
 multiple extractions w
ere perform
ed in a single sam
ple. For instance, a clear increase 
in relative abundance of the taxa T
haum
archaeota and F
irm
icutes could be seen w
ith 
VXFFHVVLYH'1$H[WUDFWLRQVLQDOOFOD\VRLOVDPSOHV7DEOH62WKHUWD[DVXFKDV
9HUUXFRPLFURELD&KRURÁH[LDQG$FLGREDFWHULDVKRZHGFRQVLGHUDEO\KLJKHUUHODWLYH
DEXQGDQFHLQ(DQGRU(IRUVRPHRIWKHVRLOVDPSOHV)LJXUH$'LIIHUHQWO\IURP
prokaryotic com
m
unities, fungal com
m
unities in clay soils w
ere different in successive 
D
N
A
 extractions (F
igure 8A
). A
s observed for bacterial and archaeal com
m
unities, 
soil 12 show
ed the biggest variation in fungal com
m
unity w
hen com
paring successive 
extractions. Successive extractions prom
oted the enrichm
ent of a few
 fungal taxa 
in som
e of the clay soils (F
igure 9A
), how
ever, such enrichm
ent show
ed to be kit 
dependent in m
ost of the cases. Sandy soils, as clay soils, presented a sim
ilar prokaryotic 
FRPPXQLW\FRPSRVLWLRQ)LJXUH%2IDOOWKUHHVDQG\VRLOVVRLOSUHVHQWHGWKH
biggest difference in prokaryotic com
m
unity com
position w
hen com
paring successive 
extractions. A
s observed for clay soils, som
e taxa w
ere enriched w
hen m
ultiple 
extractions w
ere perform
ed in a single soil sam
ple. F
irm
icutes and P
lanctom
ycetes 
increased in relative abundance w
ith successive D
N
A
 extractions in all sandy soils 
)LJXUH%DQG7DEOH6'HVSLWHQRWKDYLQJDQLQFUHDVHLQUHODWLYHDEXQGDQFHLQDOOVRLO
sam
ples, som
e taxa show
ed a considerable increase w
ith successive D
N
A
 extraction, 
VXFKDV$FWLQREDFWHULD&KORURÁH[LDQG3URWHREDFWHULD)LJXUH%)XQJDOFRPPXQLW\
com
position in successive D
N
A
 extractions on sandy soils w
as rather sim
ilar, contrary 
to clay soils (F
igure 8B
). Increase in relative abundance of fungal taxa w
ith successive 
extraction in sandy soils w
as also observed, w
ith taxa A
scom
ycota presenting an 
increase in all sandy soil sam
ples, regardless the D
N
A
 extraction kit used (F
igure 9B
). 
$IHZEDFWHULDODQGIXQJDOWD[DSK\OXPOHYHOZHUHREVHUYHGRQO\LQ(DQGRU(
LQGLFDWLQJWKDWDGGLWLRQDOWD[RQRPLFDOJURXSVFDQEHLGHQWLÀHGZLWKVXFFHVVLYH'1$
extractions. H
ow
ever, the relative abundances of such taxa w
ere alw
ays very low
 (low
er 
WKDQIRUSURNDU\RWHVDQGIRUIXQJLDQGWKHRFFXUUHQFHRIDGGLWLRQDO
taxa w
as not observed for all soil sam
ples (T
able 2). A
nalysis of sim
ilarity (A
N
O
SIM
) 
w
as used to com
pare m
icrobial com
m
unities in both soils, w
hich had been obtained by 
different D
N
A
 extraction strategies. P
rokaryotic com
m
unity com
position, in both soils, 
ZDVQRWLQÁXHQFHGE\'1$H[WUDFWLRQNLWp >
 0.05). F
ungal com
m
unity com
position, 
REWDLQHGZLWKGLIIHUHQW'1$H[WUDFWLRQNLWVZDVVLJQLÀFDQWO\GLIIHUHQWRQO\LQFOD\VRLOV
(A
N
O
SIM
, p <
 0.05, R
 =
 0.210). 
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C
urrently, characterization of com
plex m
icrobial com
m
unities such as those present in 
soil relies heavily on the use of m
olecular approaches. Such approaches are often used 
to assess m
icrobial abundance, com
m
unity com
position and diversity. Independently 
of the approach used, D
N
A
 contained in a soil sam
ple needs to be separated from
 the 
VRLOSKDVHDVDÀUVWVWHS7KHUHIRUHVRLO'1$H[WUDFWLRQLVDFUXFLDOVWHSDQGVXFFHVV
of dow
nstream
 processes used to characterize soil m
icrobial com
m
unities w
ill depend 
ODUJHO\RQKRZZHOOWKLVÀUVWVWHSZDVSHUIRUPHG3UHYLRXVVWXGLHVKDYHVKRZQWKDWQRW
all m
icrobial D
N
A
 contained in a soil sam
ple is extracted w
ith a single D
N
A
 extraction 
(B
urgm
ann et al., 2001; Feinstein et al., 2009; Jones et al., 2011). H
ere, w
e perform
ed 
m
ultiple successive D
N
A
 extractions on a num
ber of representative soil sam
ples to 
assess bias related to incom
plete D
N
A
 extractions, using tw
o w
idely used com
m
ercial 
VRLO'1$H[WUDFWLRQNLWV0RUHRYHUGLIIHUHQWPROHFXODUWHFKQLTXHVZHUHDSSOLHGWR
determ
ine w
hether successive D
N
A
 extractions w
ould lead to different apparent 
m
icrobial com
m
unities. 
D
N
A
 yield of all used soils w
as affected by successive D
N
A
 extractions. Soil 19 (P
S) 
ZDVWKHRQO\VRLOVDPSOHWKDWKDGPRUHWKDQRIDOOH[WUDFWHG'1$UHFRYHUHGDIWHU
($OORWKHUVRLOVDPSOHVVKRZHGUHFRYHU\IURPWRRIWKHWRWDOREWDLQHG
'1$LQ(ZKLFKLQGLFDWHVWKDWDVLJQLÀFDQWSRUWLRQRIVRLO'1$LVOHIWEHKLQGDWWKH
HQGRIWKHÀUVWH[WUDFWLRQ7KLVVXSSRUWVUHVXOWVSUHYLRXVO\GHVFULEHGLQWKHOLWHUDWXUH
(Feinstein et al., 2009; Jones et al., 2011). P
revious w
ork has show
n that D
N
A
 yield 
GHFUHDVHGZLWKVXFFHVVLYH'1$H[WUDFWLRQZKHQDIWHUWKHÀUVWH[WUDFWLRQWKHVRLOSHOOHW
w
as w
ashed w
ith extraction buffer; w
hich indicates that D
N
A
 obtained in the successive 
extractions w
ould probably com
e from
 new
ly lysed cells (Feinstein et al., 2009). O
verall, 
'1$\LHOGZDVVLJQLÀFDQWO\KLJKHUXVLQJ)6FRPSDUHGWR36DURXQGIRXUWLPHVIRU
clay soils and three tim
es for sandy soils. T
his is in line w
ith previous studies that have 
DOVRVKRZQWKDW)6LVPRUHHIÀFLHQWWKDQ36LQH[WUDFWLQJ'1$IURPYDULRXVVRLOW\SHV
(L
eite et al., 2014; V
ishnivetskaya et al., 2014). C
onsidering that the initial cell lysis step, 
w
hen using P
S, is m
uch m
ore extensive com
pared to F
S (5.5 m
 s
-1 for 10 m
in for P
S 
and 6.0 m
 s
-1IRUVHFIRU)6WKLVPLJKWEHVXUSULVLQJDWÀUVWVLJKWKRZHYHUDIWHU
FHOOO\VLVUHOHDVHG'1$ZLOOVWURQJO\LQWHUDFWZLWKVRLOSDUWLFOHVZKLFKFDQLQÁXHQFH
'1$\LHOG/RPEDUGHWDO5RPDQRZVNLHWDOGHPRQVWUDWHGWKDWXS
WRRIDGGHG'1$ZDVIRXQGWREHDGVRUEHGWRVHGLPHQWLQOHVVWKDQPLQ
D
N
A
 adsorption to soil particles m
ay be increased by D
N
A
 sharing (P
ietram
ellara et 
al., 2001), how
ever, D
N
A
 fragm
entation of both kits w
as very sim
ilar (data not show
n). 
T
herefore, reasons for a higher D
N
A
 yield w
hen using F
S m
ay be that this kit prom
otes 
not only a better soil hom
ogenization, im
proving disruption of soil aggregates, but also 
a better cell lysis and D
N
A
 desorption from
 soil com
ponents. F
urtherm
ore, F
S m
ay 
have a decreased D
N
A
 degradation com
pared to P
S, once D
N
A
 is released from
 cells. 
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Perhaps, a very extensive cell lysis step, as used for P
S, is counterproductive, as it w
ould 
allow
 for adsorption of D
N
A
 to soil particles for a longer period. V
ishnivetskaya et al. 
VKRZHGWKDW)6ZDVPRUHHIÀFLHQWWKDQ36LQJHQRPLF'1$UHFRYHU\IURPD
SHUPDIURVWVRLOZKLFKFRXOGDOVREHDWWULEXWHGWRKLJKHUEDFWHULDOFHOOO\VLVHIÀFLHQF\
'LIIHUHQFHVLQEHDGWRVRLOUDWLRKDVDOVREHHQIRXQGWRLQÁXHQFH'1$\LHOGZKLOH
bead-beating is used for m
echanical cell lysis (B
urgm
ann et al., 2001). H
ow
ever, D
N
A
 
H[WUDFWLRQNLWVGLGQRWVLJQLÀFDQWO\DIIHFW'1$\LHOGZKHQUHFRYHU\SHUFHQWDJHZDV
taking into account, w
hich show
s that independently of the kit and bead-beating tim
e, 
m
ore soil D
N
A
 w
as consistently obtained w
ith successive extractions. 
Sim
ilarly to the D
N
A
 yield, cum
ulative bacterial and fungal abundances increased w
ith 
VXFFHVVLYHH[WUDFWLRQVLQDOOVDPSOHVFRQÀUPLQJWKDWPLFURELDO'1$SUHVHQWLQDVRLO
sam
ple is not fully recovered w
ith a single extraction. Sim
ilar results have been reported 
earlier, w
here for m
ost of the soils analyzed bacterial and fungal abundances levelled 
off after three successive extractions (Feinstein et al., 2009). Jones et al. (2011) also 
found that bacterial abundance increased considerably w
hen m
ultiple D
N
A
 extractions 
w
ere perform
ed on the sam
e soil sam
ple. In the present study, how
ever, there w
as 
a considerable discrepancy betw
een results of D
N
A
 yield and observed abundances 
RIEDFWHULDDQGIXQJL$OWKRXJK'1$H[WUDFWLRQNLWVLJQLÀFDQWO\LQÁXHQFHGWRWDO
'1$\LHOGLWGLGQRWLQÁXHQFHWRWDOEDFWHULDODQGIXQJDODEXQGDQFHV$OWKRXJKQRW
VLJQLÀFDQWEDFWHULDODQGIXQJDODEXQGDQFHVZHUHDOZD\VKLJKHURQFOD\VRLOVDPSOHV
extracted w
ith F
S, how
ever, differences w
ere m
uch sm
aller than those observed for 
D
N
A
 yield, especially for soil 18. T
hat m
ay indicate that using F
S m
ore D
N
A
 of non-
PLFURELDORULJLQFRXOGEHH[WUDFWHGRUWKDWQRWDOOPLFURELDO'1$H[WUDFWHGLVDPSOLÀHG
GXULQJT3&5ZKLFKFRXOGEHGXHWRVSHFLÀFLW\RUSXULW\LVVXHV%DFWHULDODEXQGDQFH
in a perm
afrost soil show
ed to be around four tim
es higher in sam
ples extracted w
ith 
F
S com
pared to P
S (V
ishnivetskaya et al., 2014). T
he opposite w
as observed for sandy 
soil, w
here bacterial and fungal abundances w
ere alw
ays higher on sam
ples extracted 
w
ith P
S, despite D
N
A
 yield being higher in sam
ples extracted w
ith F
S. L
ow
er m
icrobial 
abundances in sam
ples extracted w
ith F
S m
ay be attributed to a low
er D
N
A
 purity 
obtained w
hen using this kit, w
hich could inhibit enzym
atic reactions (W
ilson, 1997). 
%RWKDQGUDWLRVZKLFKLQGLFDWH'1$SXULW\ZHUHFRQVLVWHQWO\ORZHU
in sandy soil sam
ples that w
ere extracted w
ith F
S (data not show
n). D
ifferently from
 
w
hat w
as reported by K
uram
ae et al. (2012), pasture and arable soil sam
ples presented 
higher m
icrobial abundance com
pared to forest soils. 
)XQJDOFRPPXQLWLHVLQVXFFHVVLYH'1$H[WUDFWLRQVZKLFKZHUHLGHQWLÀHGE\75)/3
analysis, varied greatly in clay soils, w
hereas in sandy soils, fungal com
m
unities w
ere 
m
ore sim
ilar to each other, especially for sam
ples extracted w
ith P
S. D
ifferences 
observed betw
een soil types indicate that clay soils m
ight prom
ote a greater degree 
RISURWHFWLRQWRIXQJDOFHOOVZKLFKFRXOGPDNHFHOOO\VLVPRUHGLIÀFXOW7KHVHUHVXOWV
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successive D
N
A
 extractions of three different soil types (organic, clay and sand) w
ere 
alm
ost identical (Feinstein et al., 2009). Soils used by Feinstein et al. (2009) had a sim
ilar 
sand and clay content to those used here, therefore, other soil properties m
ay play a role. 
F
urtherm
ore, soils analyzed here m
ay have a higher abundance of fungal spores, w
hich 
could explain the differences observed am
ong successive D
N
A
 extractions.
E
cological diversity m
easures, such as C
hao1 and Shannon, w
ere used in order to 
determ
ine w
hether apparent prokaryotic and fungal richness and diversity w
ould 
change in successive D
N
A
 extractions. C
hao1 is often used to indicate species richness 
(total num
ber of species in a com
m
unity), and it relies on the presence of singletons 
DQGGRXEOHWRQVWKHUHIRUHJLYLQJPRUHZHLJKWWRUDUHLQGLYLGXDOV+LOOHWDO
T
he Shannon index on the other hand takes into consideration not only the num
ber 
of species in a com
m
unity but also their relative abundance, but also giving m
ore 
ZHLJKWWRUDUHWKDQFRPPRQVSHFLHV+LOOHWDO)RUERWKYDULDEOHVVRLOW\SHDQG
extraction kit, increase of prokaryotic and/or fungal species richness w
ith successive 
D
N
A
 extraction w
as observed. Such observation suggests that m
ore taxa/O
T
U
s are 
obtained w
hen successive D
N
A
 extractions are perform
ed, therefore, presenting a 
m
ore realist picture of the m
icrobial com
m
unity in those sam
ples. T
hose taxa/O
T
U
s 
possibly represent also rare organism
s, w
hich can be present in low
 abundance in the 
soil for various reasons, such as dorm
ancy. It is know
n that dorm
ancy is a com
m
on 
life history strategy in m
icrobes (Jones and L
ennon, 2010), and it m
ight as w
ell be 
that m
etabolic changes caused by such strategy lead to changes in cell structure and 
m
orphology that m
ake cells harder to lyse. Increase in diversity w
ith successive D
N
A
 
extractions w
as also observed, especially in fungal com
m
unities. Increase in Shannon 
index (diversity) indicated that w
ith successive extractions, not only new
 taxa/O
T
U
s 
w
ere being observed, but also that taxa/O
T
U
s observed in these successive extractions 
appeared at m
ore sim
ilar relative abundances. T
herefore, both diversity indexes used 
suggest that extracting soil D
N
A
 only once w
ould not prom
ote a realist description of 
species richness and diversity.   
To determ
ine w
hether successive D
N
A
 extractions w
ould yield different prokaryotic 
and fungal com
m
unities in clay and sandy soils, cluster analyses of the 16S and 18S 
U51$JHQHVHTXHQFLQJGDWDZHUHSHUIRUPHG0'6SORWVUHYHDOHGWKDWSURNDU\RWLF
FRPPXQLWLHVREWDLQHGLQ(DQG(ZHUHVLPLODUWR(IRUERWKVRLOV$WSK\OXPOHYHO
differences that w
ere observed am
ong successive D
N
A
 extractions, of the sam
e soil 
sam
ple, w
ere in m
ajority shifts in abundance, as observed before (Feinstein et al., 2009; 
Jones et al., 2011). V
arious phyla increased in relative abundance w
ith successive D
N
A
 
extractions, such as T
haum
archaeota and F
irm
icutes in all clay soils and F
irm
icutes 
and P
lanctom
ycetes in all sandy soils. Such increase in relative abundance m
ay indicate 
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WKDWRUJDQLVPVEHORQJLQJWRWKHVHSK\ODDUHPRUHGLIÀFXOWWRO\VHZKLFKFRXOGEHD
FRQVHTXHQFHRIWKHLUOLIHVWUDWHJ\DQGRUPRUSKRORJLFDOFKDUDFWHULVWLFV+RZHYHU
Feinstein et al. (2009) found that F
irm
icutes, gram
-positive bacteria that are w
ell 
know
n for having the ability to form
 spores, did not increase in relative abundance 
w
ith successive D
N
A
 extractions in clay and sandy soils. It is im
portant to m
ention 
WKDWRQO\WKHÀUVWDQGWKHVL[WK'1$H[WUDFWLRQVZHUHVHTXHQFHGLQWKHLUVWXG\$V
REVHUYHGE\)HLQVWHLQHWDOEDFWHULDOSK\ODWKDWZHUHQRWLGHQWLÀHGLQ(EXW
LGHQWLÀHGLQ(DQGRU(ZHUHDOZD\VLQDYHU\ORZUHODWLYHDEXQGDQFH'LIIHUHQWO\
from
 prokaryotic com
m
unity, cluster analyses of the 18S rR
N
A
 gene data retrieved 
from
 successive D
N
A
 extractions revealed that com
m
unities obtained in E
1 w
ere 
GLIIHUHQWIURP(DQG(RQO\LQFOD\VRLOV7KHRSSRVLWHKDVEHHQUHSRUWHGLQOLWHUDWXUH
w
here fungal com
m
unities analyzed by T
-R
F
L
P
 from
 six successive D
N
A
 extractions 
w
ere very sim
ilar to each other (Feinstein et al., 2009). A
 low
 num
ber of fungal taxa 
ZHUHLGHQWLÀHGRQO\LQ(DQGRU(ZLWKWKHPDMRULW\EHLQJXQNQRZQWD[D$VIRU
prokaryotic com
m
unities, m
ajor shifts in com
m
unity com
position w
ere due to changes 
in relative abundance of fungal taxa. T
he use of both m
arkers, 18S rR
N
A
 gene and 
IT
S regions, show
ed sim
ilar results, how
ever, the dissim
ilarity of fungal com
m
unities 
analyzed by T
-R
F
L
P
 w
as higher for a few
 soil sam
ples. A
 possible reason for that is the 
higher variability of the IT
S regions com
pared to the 18S rR
N
A
 gene, w
hich allow
 for 
a better taxonom
ic differentiation (A
nderson and C
airney, 2004). 
Successive rounds of D
N
A
 extraction from
 a several representative soil sam
ples, using 
WZRZLGHO\FRPPHUFLDO'1$H[WUDFWLRQNLWVGLGUHVXOWLQWKHLGHQWLÀFDWLRQRIDGGLWLRQDO
SURNDU\RWLFRUIXQJDOSK\ODLQVRPHRIWKHVRLOVDQDO\]HG+RZHYHUZKHQLGHQWLÀHG
additional phyla w
ere alw
ays present at very low
 relative abundance. N
evertheless, shifts 
in relative abundance of w
ell-know
n groups of soil archaea, bacteria and fungi w
ere 
observed. In som
e cases, changes in relative abundance w
ere such that com
m
unities 
originating from
 the sam
e soil sam
ple, but from
 a different extraction, w
ere seen as 
different com
m
unities, as indicated by M
D
S plots. Total bacterial and fungal abundance 
LQFUHDVHGFRQVLGHUDEO\ZLWKVXFFHVVLYH'1$H[WUDFWLRQVFRQÀUPLQJWKDWQRWDOOVRLO
D
N
A
 is extracted in a single extraction. O
ften, in m
icrobiom
e studies, m
ultiple parallel 
extractions of a sam
ple are perform
ed, and D
N
A
 originating from
 all extractions is 
pooled for further experim
ents. Such strategy attem
pts to reduce variability betw
een 
extractions in order to provide a m
ore realistic representation of the m
icrobiom
e of 
that particular sam
ple. H
ow
ever, such strategy w
ould still fail to provide an accurate 
estim
ation of the relative abundance of m
icrobial groups present in that particular 
m
icrobiom
e. T
herefore, as Feinstein et al. (2009), w
e argue that to im
prove m
icrobial 
characterization, 
leading 
to 
a 
m
ore 
com
prehensive 
analysis, 
m
ultiple 
successive 
extractions of the sam
e soil sam
ple should be done. D
N
A
 obtained in m
ultiple 
extractions should be pooled prior use in further experim
ents, as indicated by Feinstein 
et al. (2009). 
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Table S1. Soil physical and chemical charactherists of the samples used in the present work. 
Field Land use
Latitude Longitude
pH
Total N Total C C:N OM Total P Clay Silt Sand CaCO3 Cd Cr Cu Ni Pb Zn As Hg
(N) (E) (%) (%) ratio (%)
(mg P2O5
100g-1)
(%) (%) (%) (%)
(mg 
kg-1)
(mg 
kg-1)
(mg 
kg-1)
(mg 
kg-1)
(mg 
kg-1)
(mg 
kg-1)
(mg 
kg-1)
(mg 
kg-1)
sandy soils
2 Pasture 52º14" 06º41" 6.1 0.25 2.3 9.2 4 197 1.1 6.8 91.9 0 0.17 6.9 13 0 9.7 28 2.2 0
4 Pine forest 52º08" 05º11" 3.7 0.17 3.8 22.3 6.4 17 0.3 4.3 95.4 0 0.1 0 0 0 15 0 1.8 0.04
23
Deciduous 
forest 51º32" 05º18" 3.7 0.28 5 17.8 9 49 4.3 9.8 85.9 0 0.13 8.2 0 3.8 23 12 5 0.09
clay soils
12
Organic arable 
field 52º01" 06º12" 6.5 0.13 1.4 11.0 2.7 296 13.4 29.4 57.4 0.1 0.21 19 15 8.4 21 71 10 0.09
18
Conventional 
arable field 53º12" 05º31" 7.4 0.13 1.2 9.3 1.6 106 16.1 37.9 46 2.4 0.12 29 21 14 14 41 11 0.03
19 Pasture 51º53" 06º17" 6 0.55 4.8 8.7 9.4 310 36.7 51.1 12.1 0.2 0.49 52 27 33 32 130 14 0.08
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8EFPI7(2%]MIPHwKSJ(2%KSJWSMP7(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WSMPW%ERHWERH]WSMPW&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PS FS
Taxa
E1
Soil12
E2 
Soil12
E3 
Soil12
E1 
Soil18
E2 
Soil18
E3 
Soil18
E1 
Soil19
E2 
Soil19
E3 
Soil19
E1 
Soil12
E2 
Soil12
E3 
Soil12
E1 
Soil18
E2 
Soil18
E3 
Soil18
E1 
Soil19
E2 
Soil19
E3 
Soil19
Bacteria; Proteobacteria 28.93 17.92 24.58 22.19 18.06 16.75 17.39 18.70 17.66 24.78 24.04 21.85 16.59 9.46 14.67 11.22 10.05 10.49
Bacteria; Actinobacteria 14.09 10.53 19.40 12.74 11.22 13.38 27.17 19.27 20.16 14.62 13.97 15.16 12.48 9.27 15.09 15.58 10.18 10.45
Bacteria; Acidobacteria 12.06 14.88 13.42 17.11 18.96 15.97 10.30 15.01 10.79 14.34 11.69 8.76 21.28 24.24 16.00 11.41 10.14 5.85
Bacteria; Verrucomicrobia 2.59 4.43 3.43 4.50 3.18 2.56 18.91 20.62 26.22 2.95 3.59 3.57 3.35 6.38 4.02 32.72 45.74 50.25
Bacteria; Firmicutes 4.78 5.01 5.80 1.71 2.13 3.02 0.21 0.90 2.36 7.32 14.87 22.29 4.06 3.40 9.81 2.33 2.80 7.47
Bacteria; Chloroflexi 4.80 8.76 8.99 7.60 8.78 11.62 8.41 6.61 6.57 4.98 5.46 4.77 9.72 17.82 10.72 6.72 6.04 3.17
Bacteria; Planctomycetes 4.04 7.03 9.90 8.14 6.34 7.48 6.03 5.64 6.11 3.99 4.34 5.19 6.31 8.80 6.51 5.15 4.50 2.13
Archaea; Thaumarchaeota 3.16 16.32 2.37 6.87 13.12 15.28 0.18 0.76 1.88 4.16 6.32 4.17 7.16 5.72 10.22 3.85 2.93 4.83
Bacteria; Nitrospirae 1.58 1.92 2.11 2.08 2.58 2.19 2.56 5.99 3.40 2.40 1.70 1.01 2.99 5.88 2.14 3.92 3.36 1.08
Bacteria; Gemmatimonadetes 5.39 1.92 2.87 4.52 3.41 2.11 1.61 1.27 0.84 3.46 1.95 1.52 3.43 1.79 1.04 0.96 0.44 0.44
PS FS
Taxa
E1 
Soil2
E2 
Soil2
E3 
Soil2
E1 
Soil4
E2 
Soil4
E3 
Soil4
E1 
Soil23
E2 
Soil23
E3 
Soil23
E1 
Soil2
E2 
Soil2
E3 
Soil2
E1 
Soil4
E2 
Soil4
E3 
Soil4
E1 
Soil23
E2 
Soil23
E3 
Soil23
Bacteria; Proteobacteria 25.16 23.19 15.59 27.16 27.76 31.86 27.32 32.87 36.81 17.22 13.37 13.02 24.10 22.29 21.73 30.91 26.69 28.43
Bacteria; Actinobacteria 23.69 18.21 13.35 23.40 17.51 26.17 7.07 12.33 13.72 19.41 15.89 18.99 24.06 27.51 33.33 12.52 14.63 22.08
Bacteria; Acidobacteria 6.67 8.62 5.82 32.28 32.16 21.93 41.28 31.30 22.62 9.08 10.26 8.84 22.76 20.45 15.15 24.94 15.59 8.87
Bacteria; Verrucomicrobia 6.42 4.14 4.57 1.46 1.85 0.75 3.64 2.61 3.52 9.16 15.93 11.10 2.85 1.48 0.88 5.47 4.38 1.52
Bacteria; Firmicutes 15.24 28.27 44.33 0.15 0.45 0.56 0.11 0.34 0.82 14.41 17.79 20.24 0.19 0.40 1.07 0.59 0.89 1.80
Bacteria; Chloroflexi 4.60 3.20 2.87 1.73 2.99 3.05 1.83 2.31 5.28 8.14 9.20 10.70 4.31 4.63 5.68 5.00 10.26 11.56
Bacteria; Planctomycetes 3.36 2.75 3.08 2.56 6.66 4.83 2.06 2.82 5.79 4.80 5.71 8.19 7.36 7.33 8.41 3.95 8.85 9.60
Archaea; Thaumarchaeota 1.86 1.32 1.98 0.38 0.55 0.59 4.54 2.62 1.35 5.92 3.91 3.72 1.43 1.37 0.97 7.06 4.10 2.61
Bacteria; Nitrospirae 0.58 0.72 0.26 0.15 0.18 0.06 0.11 0.14 0.10 0.33 0.18 0.26 0.19 0.02 0.05 0.26 0.45 0.02
Bacteria; Gemmatimonadetes 2.09 1.73 0.93 0.24 0.24 0.29 0.18 0.12 0.10 1.36 0.87 0.97 0.15 0.11 0.12 0.24 0.16 0.08
A
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64 %FWXVEGX
$TXDWLFHFRORJLFDOULVNDVVHVVPHQWRIIXQJLFLGHVLQ(XURSHXQGHU5HJXODWLRQ
1107/2009/E
C
 does not currently assess risk to non-target bacteria and fungi. R
ather, 
regulatory acceptable concentrations based on ecotoxicological data obtained from
 
VWXGLHVZLWKÀVKLQYHUWHEUDWHVDQGSULPDU\SURGXFHUVLQFOXGLQJDOJDHDUHDVVXPHG
WREHSURWHFWLYHWRDOORWKHUDTXDWLFRUJDQLVPV+HUHZHH[SORUHWKHYDOLGLW\RIWKLV
assum
ption by investigating the effects of a fungicide (tebuconazole) applied at its 
´QRQPLFURELDOµ+&FRQFHQWUDWLRQWKHFRQFHQWUDWLRQWKDWLVKD]DUGRXVWRRIWKH
WHVWHGWD[DDQGGHULYHGIURPDFXWHVLQJOHVSHFLHVWR[LFLW\WHVWVRQÀVKLQYHUWHEUDWHVDQG
prim
ary producers (including algae) on the com
m
unity structure and functioning of 
KHWHURWURSKLFPLFUREHVEDFWHULDDQGDTXDWLFIXQJLLQDVHPLÀHOGVWXG\XVLQJQRYHO
PROHFXODUWHFKQLTXHV,QRXUVWXG\DWUHDWPHQWUHODWHGHIIHFWRIWHEXFRQD]ROH
µg/L
) on either fungal biom
ass associated w
ith leaf m
aterial or leaf decom
position or 
the com
position and biom
ass of the fungal com
m
unity associated w
ith sedim
ent could 
not be dem
onstrated. M
oreover, treatm
ent-related effects on bacterial com
m
unities 
associated w
ith sedim
ent and leaf m
aterial w
ere not detected. H
ow
ever, tebuconazole 
H[SRVXUHGLGVLJQLÀFDQWO\UHGXFHFRQLGLDSURGXFWLRQDQGDOWHUHGIXQJDOFRPPXQLW\
com
position associated w
ith leaf m
aterial. A
n effect on a higher trophic level w
as 
observed w
hen G
am
m
arus pulex w
ere fed tebuconazole-exposed leaves, w
hich caused 
DVLJQLÀFDQWGHFUHDVHLQWKHLUIHHGLQJUDWH7KHUHIRUHWHEXFRQD]ROHPD\DIIHFWDTXDWLF
fungi and fungally-m
ediated processes even w
hen applied at its “non-m
icrobial” H
C
5 
concentration.
Chapter 3
A
S
S
E
S
S
IN
G
 E
F
F
E
C
T
S
 O
F
 T
H
E
 F
U
N
G
IC
ID
E
 T
E
B
U
C
O
N
A
Z
O
L
E
  
T
O
 H
E
T
E
R
O
T
R
O
P
H
IC
 M
IC
R
O
B
E
S
 IN
 A
Q
U
A
T
IC
 M
IC
R
O
C
O
S
M
S65
-RXVSHYGXMSR
M
icroorganism
s play a crucial role in the functioning of all ecosystem
s by providing 
food for other organism
s, decom
posing organic m
aterial, cycling and transform
ing 
nutrients and degrading contam
inants (B
arlocher, 1985; D
uarte et al., 2010; Singh and 
W
alker, 2006; V
eraart et al., 2014). H
eterotrophic m
icrobes (e.g., bacteria and fungi) are 
UHVSRQVLEOHIRUPXFKRIWKHPDWHULDODQGHQHUJ\ÁRZLQIUHVKZDWHUVDQGWKHLUUROH
in the decom
position of organic m
aterial has been particularly w
ell studied, especially 
LQVWUHDPV)LQGOD\:XU]EDFKHUHWDO:KHUHDVEDFWHULDGRPLQDWHÀQH
particulate organic m
aterial and sedim
ents, fungi dom
inate on larger particulate organic 
PDWHULDOVXFKDVOHDIOLWWHU)LVFKHUHWDO+\SKRP\FHWHVWKHGRPLQDQWDTXDWLF
fungal group associated w
ith leaf litter, decom
pose plant m
aterial and im
prove its 
QXWULWLRQDOTXDOLW\DQGSDODWDELOLW\WRPDFURLQYHUWHEUDWHFRQVXPHUV*HVVQHUHWDO
A
ntagonism
 betw
een fungi and bacteria decom
posing leaf litter has been dem
onstrated, 
ZLWKEDFWHULDODEXQGDQFHEHLQJUHGXFHGLQWKHSUHVHQFHRIDTXDWLFIXQJL*XOLVDQG
6XEHUNURSS7KHUHDOVRDSSHDUVWREHDWUDGHRIIEHWZHHQIXQJDOJURZWKDQG
either the ability to tolerate, or to com
pete w
ith, bacteria suggesting that this antagonism
 
is driven by com
petition (M
ille-L
indblom
 et al., 2006). Synergistic interaction betw
een 
bacteria and fungi decom
posing leaf litter has also been dem
onstrated (B
engtsson, 1992). 
B
oth bacteria and fungi are im
portant in the decom
position of leaf litter (Schneider et 
DOKRZHYHUFRPSDUHGWRDTXDWLFK\SKRP\FHWHVZHNQRZYHU\OLWWOHDERXWWKH
diversity of bacteria associated w
ith leaf m
aterial (D
uarte et al., 2010). 
M
any 
freshw
ater 
food 
w
ebs 
are 
fuelled 
by 
allochthonous 
organic 
m
atter, 
and 
heterotrophic m
icrobes are essential for converting the energy locked in detrital m
aterial 
into anim
al biom
ass (B
ärlocher, 2005; G
essner et al., 2007; W
ebster and M
eyer, 1997). 
&RQVHTXHQWO\SROOXWDQWLQGXFHGFKDQJHVLQWKHFRPSRVLWLRQDQGRUIXQFWLRQLQJRI
PLFURELDOFRPPXQLWLHVFRXOGKDYHIDUUHDFKLQJHFRORJLFDOFRQVHTXHQFHV6HYHUDOVWXGLHV
have investigated the effect of m
etal pollution and eutrophication on the diversity and 
functioning of freshw
ater m
icrobial com
m
unities (B
erm
ingham
 et al., 1996a; D
eanross 
and M
ills, 1989; L
ecerf and C
hauvet, 2008; Sridhar et al., 2001; Suberkropp et al., 2010). 
H
ow
ever, relatively little is know
n about their response to fungicide exposure (M
altby, 
1992b; M
altby et al., 2009; M
cM
ahon et al., 2012; van den B
rink et al., 2007), although 
effects of fungicides on bacterial com
m
unity structure and functioning in soils and 
sedim
ents have been reported (B
ending et al., 2007; M
ilenkovski et al., 2010; W
idenfalk 
et al., 2008). F
urtherm
ore, effects of the fungicide tebuconazole on the conditioning of 
leaf litter have been dem
onstrated (B
undschuh et al., 2011; Z
ubrod et al., 2011).
F
ungicides are w
idely used in m
odern agriculture (B
attaglin et al., 2011; W
ightw
ick et 
al., 2010) and are regulated in E
urope under R
egulation 1107/2009/E
C
 (C
om
m
ission, 
5HJXODWRU\ULVNDVVHVVPHQWRIIXQJLFLGHVUHTXLUHVWR[LFLW\GDWDIRUDVWDQGDUG
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66 VHWRIWHVWVSHFLHVLQFOXGLQJDYHUWHEUDWHÀVKLQYHUWHEUDWHFUXVWDFHDQDQGSULPDU\
SURGXFHUDOJDEXWQHLWKHUIXQJLQRUEDFWHULD&RPPLVVLRQ$VVHVVPHQWIDFWRUV
are applied to data obtained from
 standard toxicity tests in order to protect non-tested 
species, including m
icrobes. H
ow
ever, the extent to w
hich these assessm
ent factors 
account for the uncertainties associated w
ith extrapolating from
 standard single-species 
laboratory toxicity data to m
icrobial com
m
unities in natural environm
ents is unknow
n. 
2QHDSSURDFKWRUHGXFHWKLVXQFHUWDLQW\KDVEHHQWRFKDUDFWHUL]HLQWHUVSHFLÀFYDULDWLRQ
in toxicant sensitivity by constructing species sensitivity distributions (SSD
s) (Posthum
a 
et al., 2002). 
M
altby et al. (2009) constructed SSD
s based on acute single-species toxicity data for 
IXQJLFLGHVDQGGHULYHGWKUHVKROGFRQFHQWUDWLRQVEDVHGRQWKHFRQFHQWUDWLRQWKDW
ZDVKD]DUGRXVWRHLWKHU+&RU+&RIVSHFLHV0RVWRIWKHIXQJLFLGHV
investigated w
ere general biocides, and data from
 all taxonom
ic groups w
ere used 
to derive SSD
s and assess risk. For 12 of the fungicides, it w
as possible to com
pare 
WKUHVKROGYDOXHVZLWKHIIHFWVLQVHPLÀHOGVWXGLHVDQGLQDOOFDVHVWKHORZHUOLPLW+&
and H
C
1 values w
ere protective of adverse ecological effects. A
 lim
itation of this 
DQDO\VLVZDVWKDWQRDSSURSULDWHWR[LFLW\GDWDZHUHDYDLODEOHIRUDTXDWLFEDFWHULDDQG
fungi and only one m
icrobial-relevant endpoint (i.e. leaf decom
position) w
as m
easured 
LQWKHVHPLÀHOGVWXGLHVDQGWKHQRQO\IRURIWKHIXQJLFLGHV5HFHQWVWXGLHVE\
D
ijksterhuis et al. (2011), B
undschuh et al. (2011) and Z
ubrod et al. (2011) reported 
12(&QRREVHUYHGHIIHFWFRQFHQWUDWLRQYDOXHVIRUDTXDWLFQRQWDUJHWIXQJLDQG
bacteria at tebuconazole concentrations low
er than the H
C
5 value derived from
 a SSD
 
DQGWKDWZDVFRQVWUXFWHGZLWK/(&GDWDIRUDTXDWLFDOJDHLQYHUWHEUDWHVDQGÀVK
(M
altby et al., 2009). For practical reasons w
e refer to these SSD
s as “non-m
icrobial” 
SSD
s, although available toxicity data for planktonic algae w
ere used in the SSD
s 
constructed by M
altby et al. (2009). T
his raises the possibility that threshold values 
derived from
 “non-m
icrobial” SSD
s m
ay not be fully protective of natural m
icrobial 
com
m
unities. L
ess direct, but supporting evidence, is also provided by the observation 
of reduced m
icrobially-m
ediated leaf decom
position at propiconazole concentrations 
low
er than the H
C
5 value derived from
 an SSD
 (R
asm
ussen et al., 2012). P
ropiconazole 
has a sim
ilar toxic m
ode-of-action than tebuconazole.
H
ere w
e exam
ine further the validity of using non-m
icrobial acute toxicity data to 
assess the ecological risk of fungicides by investigating the effects of a fungicide applied 
at its “non-m
icrobial” H
C
5 value on m
icrobial com
m
unity structure and functioning 
LQDVHPLÀHOGVWXG\7KHIXQJLFLGHVHOHFWHGZDVWHEXFRQD]ROHDVWHUROELRV\QWKHVLV
inhibitor, w
hich is w
idely used and has been regularly detected in surface w
ater (K
ahle 
HWDO,QWKHSUHVHQWSDSHUZHHODERUDWHRQWKHUHSRUWHGUHVSRQVHVRIDTXDWLF
m
icrobes to tebuconazole exposure as described in B
undschuh et al. (2011), Z
ubrod 
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HWDODQG$UWLJDVHWDOE\XVLQJQRYHOPROHFXODUWHFKQLTXHVWRLGHQWLI\
potential effects on m
icrobial com
m
unities not only on leaf m
aterial but also in the 
VHGLPHQW%\UHO\LQJRQWKHSUHVHQFHRIQXFOHLFDFLGVPROHFXODUWHFKQLTXHVDOORZD
m
ore com
prehensive characterization and a deeper understanding of pollutant-induced 
HIIHFWVRQPLFURELDOFRPPXQLWLHVZKHQFRPSDUHGWRWUDGLWLRQDOWHFKQLTXHVLHIXQJDO
LGHQWLÀFDWLRQE\FRQLGLDREVHUYDWLRQ%DUORFKHU(NEORPDQG*DOLQGR
1LNROFKHYDHWDO9DQGHU=DDQHWDO
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68 1EXIVMEPWERH1IXLSHW
1MGVSGSWQWIXYT
E
ight m
icrocosm
s, each consisting of polycarbonate, cylindrical enclosures (diam
eter: 
1.05 m
; surface area 0.865 m
2; height: 0.9 m
) w
ere established in an experim
ental 
ditch located at the Sinderhoeve E
xperim
ental Station, R
enkum
, the N
etherlands 
'UHQWDQG.HUVWLQJRQ-XO\LHGD\VEHIRUHIXQJLFLGHDSSOLFDWLRQ
E
xperim
ental ditches at the Sinderhoeve E
xperim
ental Station w
ere constructed in 
the late 1980s and the sedim
ent used w
as a loam
y-sand sedim
ent collected from
 an 
XQFRQWDPLQDWHGPHVRWURSKLFDTXDWLFHFRV\VWHP7KHUHIRUHWKHVHGLPHQWFRPPXQLW\
present in the experim
ental ditch used in this study had been w
ell established already 
EHIRUHH[SHULPHQWDOVHWXSDQGGLGQRWUHTXLUHDQ\SUHFRQGLWLRQLQJ$OHQWLFPRGHO
V\VWHPZDVFKRVHQVLQFHLQ'XWFKDJULFXOWXUDOODQGVFDSHVHGJHRIÀHOGVXUIDFHZDWHUV
subject to fungicide contam
ination predom
inantly are drainage ditches. E
ach enclosure 
w
as pushed approxim
ately 0.15 m
 into the sedim
ent of the ditch, had a w
ater depth 
of approxim
ately 0.5 m
 and contained m
acrophytes, phytoplankton, zooplankton and 
benthic invertebrates. T
he sedim
ent consisted of loam
y sand w
ith a few
 centim
etres 
detritus layer on top. T
he loam
y sand prevented percolation of w
ater, therefore, 
test 
system
s 
could 
be 
considered 
hydrologically 
isolated 
from
 
the 
surroundings. 
F
urtherm
ore, the w
ater layer in the enclosures w
as kept sim
ilar to that outside the 
enclosures, also preventing seepage. T
he only additional organism
s included w
ere 
G
am
m
arus pulex (C
rustacea, A
m
phipoda) LQGLYLGXDOVHQFORVXUHDQGA
sellus aquaticus 
(C
rustacea, Isopoda) (28 individuals/enclosure), both of w
hich play an im
portant role 
in the breakdow
n of leaf m
aterial. 
7ZRKXQGUHGDQGVL[W\OHDIEDJVZHUHFRQVWUXFWHGEHLQJFRDUVHPHVKEDJVSRUH
VL]HFP[FPDQGWKHUHPDLQLQJÀQHPHVKEDJVSRUHVL]HPGLDPHWHU
(DFKPHVKEDJFRQWDLQHGHLWKHUJFRDUVHPHVKEDJVRUJÀQHPHVKEDJVRIDOGHU
(A
lnus glutinosa) leaf m
aterial. A
ll leaf bags w
ere conditioned in an experim
ental ditch 
for 4 w
eeks prior to allocation to individual enclosures. A
t the end of the conditioning 
SHULRGGD\VSULRUWRIXQJLFLGHDSSOLFDWLRQWHQFRDUVHPHVKEDJVDQGÀQHPHVK
EDJVZHUHUDQGRPO\VHOHFWHG6HYHQEDJVRIHDFKPHVKW\SHZHUHXVHGWRTXDQWLI\
PDVVORVVGXULQJWKHFRQGLWLRQLQJSHULRG7KHUHPDLQLQJPHVKEDJVZHUHXVHGWR
FKDUDFWHUL]HWKHDTXDWLFK\SKRP\FHWHDVVHPEODJHFRQLGLDLGHQWLÀFDWLRQFRORQL]LQJWKH
leaf m
aterial post-conditioning but pre-application, and to m
easure fungal biom
ass. T
he 
UHPDLQLQJPHVKEDJVÀIWHHQFRDUVHPHVKEDJVDQGÀQHPHVKEDJVZHUHDOORFDWHGWR
individual enclosures, 4 days prior to fungicide application. 
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*YRKMGMHIETTPMGEXMSR[EXIVWEQTPMRKERHIRZMVSRQIRXEPQIEWYVIQIRXW
H
alf the enclosures w
ere random
ly assigned as ‘control’ and the other half ‘treatm
ent’. 
Tebuconazole w
as applied to enclosures as the com
m
ercially available product Folicur®
 
%D\HU&URS6FLHQFH*HUPDQ\DFWLYHLQJUHGLHQWFRQWHQWRIZZ3ODQWSURWHFWLRQ
products are often applied as form
ulations, entering the environm
ent together w
ith 
their additives. T
herefore, the use of a com
m
ercially available and w
idely used product 
EHFRPHVHFRORJLFDOO\PRUHUHOHYDQW$VLQJOHDSSOLFDWLRQRIJWHEXFRQD]ROH/
(representing the H
C
5 using non-m
icrobial acute toxicity data) (M
altby et al., 2009) w
as 
applied to the treatm
ent enclosures on A
ugust 10
th, 2010. T
he fungicide w
as applied by 
pouring approxim
ately 2 L
 of dosing solution over the w
ater surface and gently stirring 
the com
pound in the w
ater colum
n. T
he control enclosures received w
ater only. 
W
ater sam
ples for tebuconazole m
easurem
ents w
ere taken from
 each enclosure on day 
GD\KDIWHUIXQJLFLGHDSSOLFDWLRQDQGGD\VDQG$SSUR[LPDWHO\
100 m
L
 of a depth-integrated w
ater sam
ple (but excluding the w
ater layer near the 
sedim
ent to avoid sam
pling of detritus and sedim
ent particles) w
as collected from
 each 
enclosure on each sam
pling date. O
f this w
ell-m
ixed sam
ple, approxim
ately 2 m
L
 w
as 
used for each tebuconazole analysis using L
C
-M
S/M
S. Tebuconazole in the leaf m
aterial 
FROOHFWHGIURPOLWWHUEDJVZDVÀUVWH[WUDFWHGE\VKDNLQJDPL[WXUHFRQWDLQLQJJRIGU\
OHDIPDWHULDOJRIJODVVEHDGVDQGP/RIH[WUDFWLRQVROXWLRQDFHWRQHDQG
XOWUDSXUHZDWHUIRUPLQ6XEVHTXHQWO\DVXEVDPSOHRIWKHH[WUDFWZDVÀOWHUHG
WKURXJKDPÀOWHUDQGDQDO\]HGE\/&0606IRUPHWKRGVVHHVXSSOHPHQWDU\
inform
ation). Tebuconazole analyses w
ere duplicated. O
n the sam
e sam
pling dates, 
tem
perature, pH
 and dissolved oxygen (D
O
) w
ere m
easured at approxim
ately 25 cm
 
ZDWHUGHSWKXVLQJDQ+4'R[\JHQDFLGLW\PHWHU+DFK/DQJH*HUPDQ\HTXLSSHG
w
ith a lum
inescence-based dissolved oxygen probe, and electrical conductivity w
as 
m
easured using a W
T
W
 L
F
191 m
eter. O
n days -1, 17 and 59 the alkalinity of a 100 m
L
 
XQÀOWHUHGZDWHUVDPSOHZDVPHDVXUHGE\WLWUDWLRQZLWK1+&OWRS+DQGRQ
GD\VDQGWKHQXWULHQWVWDWXVZDVGHWHUPLQHGE\DQDO\VLQJDP/ÀOWHUHGVDPSOH
(m
esh size 1.2 µm
) for total nitrogen, nitrate/nitrite, am
m
onium
, ortho-phosphate and 
total phosphate, follow
ing standard procedures.
R
eponses of phytoplankton and zooplankton to tebucanazole treatm
ent w
ere studied 
as w
ell. Since the test system
s w
ere treated w
ith concentration resem
bling the “non-
m
icrobial” H
C
5, it w
as anticipated that treatm
ent-related effects on planktonic algae 
and invertebrates w
ould be sm
all, w
hich indeed w
as the case. M
aterial and m
ethods 
inform
ation to study phyto- and zooplankton, as w
ell as inform
ation on the treatm
ent-
related effects observed at the population and com
m
unity level, are presented in the 
Supporting Inform
ation section.
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70 1MGVSFMEPGSQQYRMX]GSQTSWMXMSRERHEFYRHERGI
7IHMQIRXWEQTPIW
7KUHHFRUHVRIWKHXSSHUFPRIVHGLPHQWZHUHWDNHQIURPHDFKHQFORVXUHRQGD\V
DQG7KHFRUHVIURPHDFKHQFORVXUHZHUHPL[HGWKRURXJKO\
and stored at -80 °C
 until use. Total D
N
A
 w
as isolated using the FastD
N
A
®
 SP
IN
 K
it 
for Soil (M
P
 B
iom
edicals, U
SA
) (M
incer et al., 2005) and polym
erase chain reaction 
3&5DPSOLÀFDWLRQVSHUIRUPHG7KHEDFWHULDOFRPPXQLW\ZDVWDUJHWHGE\SDUWLDO
DPSOLÀFDWLRQRIWKH6U51$JHQH9DQG9UHJLRQVZKHUHDVIXQJDOFRPPXQLW\
ZDVWDUJHWHGE\ERWKSDUWLDODPSOLÀFDWLRQRI6U51$JHQH9DQG9UHJLRQV
DQGSDUWLDODPSOLÀFDWLRQRIWKHLQWHUQDOWUDQVFULEHGVSDFHU,76UHJLRQ6DQG6
regions partially, and IT
S2 region com
pletely), using the prim
ers and conditions listed 
in T
able 1. P
C
R
 products w
ere analyzed by denaturing gradient gel electrophoresis 
(D
G
G
E
) using m
ethods described in (L
in et al., 2012).
B
acterial diversity in sedim
ent sam
ples from
 days -4, 24 and 59 w
as also investigated 
E\S\URVHTXHQFLQJ5RFKH'LDJQRVWLFV*HUPDQ\$PSOLFRQVIURPWKH6
rR
N
A
 gene w
ere generated by P
C
R
 using prim
ers described in T
able 1. E
ach forw
ard 
SULPHUZDVDSSHQGHGZLWKWKHWLWDQLXPVHTXHQFLQJDGDSWRU$7DEOHDQGDQ
´11111111µEDUFRGHVHTXHQFHDWWKH·HQGZKHUHWKHEDUFRGHVHTXHQFHRI
HLJKWQXFOHRWLGHVZDVXQLTXHIRUHDFKVDPSOH7KHUHYHUVHSULPHUFDUULHGWKHWLWDQLXP
DGDSWRU%7DEOHDWWKH·HQG3&5SURGXFWVZHUHSXULÀHGXVLQJWKH+LJK3XUH3&5
C
leanup M
icro K
it (R
oche) and concentrations w
ere determ
ined using a N
anoD
rop 
1'VSHFWURSKRWRPHWHU7KHUPR6FLHQWLÀF86$3XULÀHG3&5SURGXFWVZHUH
WKHQPL[HGLQHTXLPRODUDPRXQWVZLWKDÀQDO'1$FRQFHQWUDWLRQRIJ/7KH
SRROHGDPSOLFRQVZHUHS\URVHTXHQFHGXVLQJDQ)/;JHQRPHVHTXHQFHULQFRPELQDWLRQ
w
ith titanium
 chem
istry (G
A
T
C
-B
iotech, G
erm
any).
0IEJQEXIVMEP
7KUHHÀQHPHVKOHDIEDJVZHUHUHWULHYHGRQGD\VDQG7KLUW\FP
GLDPHWHUOHDIGLVFVZHUHFXWSHUÀQHPHVKEDJRIZKLFKGLVFVZHUHXVHGIRUIXQJDO
LGHQWLÀFDWLRQDQGGLVFVIRUIXQJDOELRPDVVPHDVXUHPHQWV7KHUHPDLQLQJOHDI
m
aterial w
as used to determ
ine leaf decom
position. Tebuconazole concentration of 
leaf m
aterial collected from
 treatm
ent enclosures w
as determ
ined for all sam
pling dates 
except day -4 (for details regarding tebuconazole m
easurem
ents see supplem
entary 
inform
ation). 
7ZRVHWVRIÀYHGLVFVIURPHDFKÀQHPHVKEDJZHUHHDFKSODFHGLQP/JODVVERWWOHV
containing 10 m
L
 sterile distilled w
ater, and agitated on a shaker for 4 days to stim
ulate 
VSRUXODWLRQ&RQLGLDRIDTXDWLFK\SKRP\FHWHVZHUHVWDLQHGZLWKODFWRSKHQROFRWWRQ
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EOXHLGHQWLÀHGXVLQJDPLFURVFRS\DQGVHYHUDOLGHQWLÀFDWLRQNH\V*XOLVHWDO
Ingold, 1976; N
ilsson, 1964). Total num
ber of conidia per species w
as assigned to one 
RIÀYHDEXQGDQFHFDWHJRULHVLHFRQLGLDSURGXFWLRQVFRUHFRQLGLDDEVHQW
FRQLGLDFRQLGLDFRQLGLD!FRQLGLD
2QHVHWRIÀYHGLVFVIURPHDFKPHVKEDJZDVSRROHGDQGXVHGIRU'1$H[WUDFWLRQ
using the sam
e procedure used for sedim
ent sam
ples. T
he rem
aining leaf m
aterial 
w
as oven-dried at 60 o&IRUGD\VDQGZHLJKHGWRGHWHUPLQHWKHOHDIGHFRPSRVLWLRQ
on the basis of dry-w
eight. L
eaf-associated fungal and bacterial com
m
unity structure 
DQGFRPSRVLWLRQZHUHDQDO\]HGE\3&5'**(DQGS\URVHTXHQFLQJZLWKWKUHH
random
ly selected control and treatm
ent replicates being analyzed for each tim
e period. 
3\URVHTXHQFLQJDQG'**(DQDO\VLVZHUHSHUIRUPHGDVGHVFULEHGDERYHDQGXVLQJ
prim
ers and conditions listed in T
able 1. 
)XQJDOELRPDVVRQOHDIPDWHULDOZDVGHWHUPLQHGXVLQJDQHUJRVWHURODVVD\PRGLÀHG
from
 N
ew
ell and Fell (1992), therefore, determ
ining only the biom
ass of true fungi. 
%ULHÁ\HUJRVWHUROZDVH[WUDFWHGLQDONDOLQHPHWKDQRODQGSXULÀHGXVLQJSHQWDQH
T
he pentane extraction sam
ple w
as evaporated under nitrogen, and the dried sam
ple 
ZDVWKHQUHFRQVWLWXWHGLQKLJKSHUIRUPDQFHOLTXLGFKURPDWRJUDSK\+3/&²JUDGH
m
ethanol. E
xtracted sam
ples w
ere analyzed for ergosterol by H
P
L
C
 and a U
V
 detector 
set at 282 nm
. E
rgosterol w
as converted to biom
ass using a general conversion factor 
RIPJJIXQJDOGU\PDVV*HVVQHUDQG&KDXYHW
C
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0IEJPMXXIVHIGSQTSWMXMSR
A
t the end of the conditioning period, seven bags of each m
esh type w
ere used to 
TXDQWLI\PDVVUHPDLQLQJIURPWKHFRQGLWLRQLQJSHULRGLHGD\VSULRUWRIXQJLFLGH
application). A
lder leaf decom
position, expressed as dried m
ass loss of leaf m
aterial 
GHSOR\HGLQÀQHPHVKEDJVLHPLFURELDOGHFRPSRVLWLRQRUFRDUVHPHVKEDJVLH
m
icrobial decom
position plus invertebrate consum
ption), w
as calculated for a 56 
day period (i.e. 4 days prior to application to 52 days post application). Som
e of the 
leaf m
aterial in the m
esh bags sam
pled 52 days post application w
as used for fungal 
LGHQWLÀFDWLRQDQGELRPDVVPHDVXUHPHQWV6HFWLRQ/HDIPDWHULDO+RZHYHUDVDOOOHDI
PDWHULDOXVHGIRUWKHVHSURFHGXUHVZDVTXDQWLÀHGWKHWRWDOPDVVRIOHDIPDWHULDOLQ
each m
esh bag could be calculated. L
eaf litter decom
position w
as determ
ined as the 
difference betw
een leaf m
ass rem
aining after the conditioning period and leaf m
ass 
rem
aining 52 days post application. 
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7LVIHHIVJIIHMRK
A
dult 
m
ale 
G
am
m
arus 
pulex 
(C
rustacea, 
A
m
phipoda) 
w
ere 
collected 
from
 
C
rags 
Stream
 D
erbyshire, U
K
 (N
ational G
rid R
eference SK
 497 745) and m
aintained and 
acclim
atized to experim
ental conditions prior to use in feeding experim
ents. T
here w
ere 
WZRWUHDWPHQWV¶FRQWURO·DQG¶WHEXFRQD]ROH·DQGÀYHH[SRVXUHSHULRGV
52 days), and feeding rate w
as determ
ined for each treatm
ent and exposure period 
com
bination. For each com
bination, a know
n m
ass of leaf m
aterial (L
1 , initial leaf dry 
PDVVPJZDVDGGHGWRHDFKRIJODVVMDUVP/FRQWDLQLQJP/RI$UWLÀFLDO
3RQG:DWHU$3:1D\ORUHWDODQGOHIWWRUHK\GUDWHIRUGD\V&RQWURO
WUHDWPHQWUHFHLYHGDQDYHUDJH6(RIPJZKLOHWHEXFRQD]ROHWUHDWPHQW
received and an average (±
 SE
) of 212 ±
 2.8 m
g. O
ne adult m
ale gam
m
arid w
as then 
added to each of 24 jars. T
he other 4 jars, w
hich contained leaf m
aterial only, w
ere used 
to control for m
ass loss due to processes other than invertebrate feeding. Jars w
ere 
placed in a controlled tem
perature room
 at 15 oC
 w
ith a 12 h light, 12 h dark cycle, and 
each jar w
as continuously aerated via a sterile 21 gauge hypoderm
ic needle for 6 days. 
A
fter a 6-day feeding period, all rem
aining leaf m
aterial w
as rem
oved from
 each jar, 
rinsed w
ith distilled w
ater, and oven-dried at 60 o&IRUGD\VEHIRUHEHLQJUHZHLJKHG
(L
2 ÀQDOOHDIGU\PDVVPJ$QLPDOVZHUHDOVRULQVHGGULHGDQGZHLJKHGW
, anim
al 
dry m
ass, m
g) and feeding rate (F
R
, m
g leaf m
aterial/m
g anim
al/d) calculated using 
(TXDWLRQ0DOWE\DQG&UDQH
 
 
(TXDWLRQ
W
here C
1  w
as the m
ean proportional leaf m
ass rem
aining after 6 days in the absence of 
LQYHUWHEUDWHIHHGLQJFDOFXODWHGXVLQJ(TXDWLRQ
 

(TXDWLRQ
W
here A
1 and A
2 UHIHUUHGWRLQLWLDODQGÀQDOPDVVRIFRQWUROOHDYHVDQGN
 w
as the 
num
ber of control jars.
(EXEEREP]WMW
T
he effects of tebuconazole exposure on conidia production, fungal biom
ass and leaf 
m
ass loss w
ere analyzed using A
N
O
V
A
, and tw
o-sam
ple t-tests w
ere used to assess 
the difference in feeding rate betw
een anim
als fed leaf m
aterial deployed in control or 
WHEXFRQD]ROHWUHDWHGHQFORVXUHVDWHDFKRIWKHÀYHVDPSOLQJWLPHV
'**(EDQGGHWHFWLRQDQGTXDQWLÀFDWLRQRIEDQGLQWHQVLW\ZHUHSHUIRUPHGXVLQJWKH
B
ionum
erics softw
are version 4.61 (A
pplied M
aths, B
elgium
) (Tzeneva et al., 2009). 
E
ffects on the bacterial and fungal com
m
unities, in the sedim
ent as w
ell as on leaf 
C
H
A
P
T
E
R
 3
74 material, w
ere analyzed by the principle response curves (P
R
C
) m
ethod (V
an den B
rink 
DQG7HU%UDDNDQGVLJQLÀFDQFHZDVFKHFNHGZLWK0RQWH&DUORSHUPXWDWLRQWHVW
(499 perm
utations), using C
anoco 4.5 (ter B
raak and Šm
ilauer, 2002). P
R
C
 analyses 
w
ere perform
ed using relative band intensity (relative abundance) values obtained from
 
D
G
G
E
 analysis, w
hich takes into account not only presence or absence of bands, but 
also their relative abundance. P
rior to statistical analysis, D
G
G
E
 data w
ere L
n (ax+
1) 
transform
ed, w
here x
 stands for the abundance value and a is 2 divided by the low
est 
positive abundance value in each data set (i.e. bacteria sedim
ent, bacteria leaf m
aterial, 
fungi sedim
ent, fungi leaf m
aterial). T
his transform
ation w
as perform
ed to dow
n-w
eigh 
high abundance values and approxim
ate a norm
al distribution for the data (V
an den 
B
rink et al., 2000). E
ffects on the num
ber of bacterial and fungal O
T
U
s (i.e. bands) 
IRXQGRQWKH'**(VDQGUHODWLYHDEXQGDQFHRIWD[DIRXQGZLWKVHTXHQFLQJZHUH
DOVRDQDO\]HGE\WZRVDPSOHWWHVWV)RUDOOVWDWLVWLFDOWHVWVVWDWLVWLFDOVLJQLÀFDQFHZDV
accepted w
hen p
6HTXHQFLQJLQIRUPDWLRQZDVSURFHVVHGDQGVRUWHGXVLQJGHIDXOWSDUDPHWHUVLQWKH
4,,0(SLSHOLQHYHUVLRQ&DSRUDVRHWDO86($5&+YHUVLRQ
(GJDUZDVXVHGWRFOXVWHUKLJKTXDOLW\VHTXHQFHVLQWRRSHUDWLRQDOWD[RQRPLF
XQLWV278VDWVHTXHQFHLGHQWLW\ZKHUHDV8&+,0((GJDUHWDOZDVXVHG
IRUFKLPHUDUHPRYDO7D[RQRP\DVVLJQPHQWRIWKHU51$VHTXHQFHVZDVGRQHXVLQJ
WKH4,,0(SLSHOLQH5'3FODVVLÀHU:DQJHWDOZDVXVHGIRUWKHDVVLJQPHQW
RIWKH6U51$VHTXHQFHVZKLOH%/$67$OWVFKXOHWDOZDVXVHGIRUWKH
DVVLJQPHQWRIWKH6U51$VHTXHQFHV*UHHQJHQHVBUHOHDVHDQG6LOYDUHOHDVH
(com
patible w
ith Q
IIM
E
) w
ere used as reference databases for taxonom
y assignm
ents. 
7KH6LOYDGDWDEDVHZDVVXSSOHPHQWHGZLWKDTXDWLFK\SKRP\FHWH6U51$
JHQHVHTXHQFHVIURPWKH3+<0<&2GDWDEDVH0DKHHWDO6XSSOHPHQWDU\
,QIRUPDWLRQ7DEOH65DUHIDFWLRQFXUYHVZHUHJHQHUDWHGXVLQJWKHDOSKDBUDUHIDFWLRQ
S\ZRUNÁRZVFULSWDYDLODEOHWKURXJK4,,0(,QRUGHUWRDYRLGSRWHQWLDOELDVLQWURGXFHG
E\VDPSOLQJGHSWKDOOVDPSOHVZHUHUDUHÀHGWRDQHTXDOQXPEHURIVHTXHQFHV
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8VIEXQIRXVIPEXIHVIWTSRWIWVITSVXIH
7KHSUHVHQWSDSHUKDVDIRFXVRQWUHDWPHQWUHODWHGUHVSRQVHVRIDTXDWLFEDFWHULDDQG
fungi. H
ow
ever, the responses of phytoplankton and zooplankton populations w
ere 
studied in detail as w
ell. A
 sum
m
ary of the treatm
ent-related effects on phytoplankton 
and zooplankton is presented as Supporting Inform
ation. A
s expected, an exposure 
FRQFHQWUDWLRQUHÁHFWLQJWKHPHGLDQ´QRQPLFURELDOµ+&UHVXOWHGLQPLQRUHIIHFWVRQ
a few
 taxa only (see supplem
entary inform
ation).
)\TSWYVIGSRGIRXVEXMSRWERHIRZMVSRQIRXEPQIEWYVIQIRXWMR[EXIV
Tw
o hours after the fungicide had been applied, the m
ean (±
 SE
) tebuconazole 
FRQFHQWUDWLRQLQZDWHUVDPSOHVIURPWUHDWHGHQFORVXUHVZDVJ/ZKLFK
ZDVRIWKHLQWHQGHGH[SRVXUHFRQFHQWUDWLRQ7HEXFRQD]ROHFRQFHQWUDWLRQV
declined during the course of the study, but the fungicide w
as fairly persistent w
ith the 
average concentration in treated enclosures being 58.45 ±
 15.22 µg/L
 after 59 days, 
RIWKHLQLWLDOPHDVXUHGFRQFHQWUDWLRQ)LJ6$,QWKHWUHDWHGHQFORVXUHVWKH
PHDQZDWHUGLVVLSDWLRQWLPH'7IURPGD\DIWHUWUHDWPHQWRQZDUGVZDV
GD\VUDQJH²GD\V
D
uring the course of the study, the m
ean (±
 SE
) conductivity in control enclosures w
as 
6FPZKLOHLQWUHDWHGHQFORVXUHVZDV6FP0HDQ6(
pH
 w
as 7.9 ±
 0.1 in control enclosures and 8.2 ±
 0.1 in treated enclosures. M
ean (±
 
SE
) tem
perature w
as the sam
e for both treatm
ent, 16 ±
 0.5 °C
. M
ean (±
 SE
) dissolved 
oxygen from
 control enclosures w
as 7.64 ±
 0.4 m
g/L
 and 7.55 ±
 0.4 m
g/L
 from
 treated 
HQFORVXUHV0HDQ6(DONDOLQLW\YDOXHLQFRQWUROHQFORVXUHVZDVP0DQG
P0LQWUHDWHGHQFORVXUHV)LJ6([FHSWIRUDONDOLQLW\PHDVXUHPHQWVRQ
GD\QRVWDWLVWLFDOO\VLJQLÀFDQWWUHDWPHQWHIIHFWZDVGHWHFWHGIRUDQ\RIWKHVHYDULDEOHV
2QGD\DONDOLQLW\LQWKHWUHDWHGHQFORVXUHVZDVVOLJKWO\EXWVLJQLÀFDQWO\KLJKHU
P0WKDQLQWKHFRQWUROHQFORVXUHVP0$TXHRXVQXWULHQWFRQFHQWUDWLRQVZHUH
generally below
 detection lim
its in both the control and treated enclosures (i.e. nitrate/
QLWULWHPJ/DPPRQLXPPJ/RUWKRSKRVSKDWHPJ/WRWDO
phosphate <
0.1 m
g/L
). T
he exception w
as total nitrogen concentration, w
hich ranged 
from
 0.5 to 1.0 m
g/L
 (m
ean ±
 SE
 =
 0.74 ±
 0.07 m
g/L
) in control enclosures and from
 
0.6 to 1.1 m
g/L
 (m
ean ±
 SE
 =
 0.79 ±
 0.07 m
g/L
) in treated enclosures. H
ow
ever, there 
w
as no treatm
ent-related statistical difference in total nitrogen concentration.
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Tebuconazole concentrations in the leaf m
aterial deployed in litter bags reached a 
PHDQOHYHO6(RIJJGU\ZHLJKWRQGD\7KHKLJKHVWPHDQ6(
tebuconazole concentration in leaf m
aterial w
as detected on day 10, 92 ±
 4.6 µg/g dry 
w
eight. A
fter day 10, tebuconazole concentrations slow
ly declined in leaf litter and on 
day 52 the m
ean (±
 SE
) concentration w
as 64 ±
 10 µg/g dry w
eight (F
ig. S1B
). In the 
treated enclosures the estim
ated m
ean leaf litter D
T
50 of tebuconazole from
 day 10 
RQZDUGVZDVGD\VUDQJH²GD\V
1MGVSFMEP'SQQYRMXMIW
7IHMQIRX
$QDO\VLVRIWKH'**(SURÀOHVREWDLQHGIURPVHGLPHQWVDPSOHVVKRZHGQRVLJQLÀFDQW
effect of tebuconazole on the num
ber of O
T
U
s (i.e. bands) for either bacterial or 
fungal com
m
unities. T
he average num
ber (±
 SE
) of bacterial O
T
U
s detected on D
G
G
E
 
SURÀOHVRIVHGLPHQWFRQWUROVDPSOHVZDVUDQJLQJIURPWRDQG
UDQJLQJIURPWRRQVHGLPHQWVVDPSOHVIURPWHEXFRQD]ROHWUHDWHGHQFORVXUHV)RU
fungi, the average num
ber (±
 SE
) of fungal O
T
U
s detected using IT
S prim
ers w
as 21 ±
 
1, ranging from
 16 to 25 on control sedim
ent sam
ples, and 20 ±
 1, ranging from
 14 to 
25 on sedim
ent sam
ples from
 tebuconazole treated enclosures. M
ore fungal O
T
U
s w
ere 
GHWHFWHGXVLQJ6U51$SULPHUVIRUERWKFRQWURO²278VPHDQ6( 
DQGWHEXFRQD]ROHWUHDWHG²278VPHDQ6( VHGLPHQW35&DQDO\VLV
of both bacterial and fungal D
G
G
E
 data sets, w
hich com
pares com
m
unities based 
RQWKHQXPEHUDQGUHODWLYHDEXQGDQFHRIWD[DGLGQRWGHWHFWVLJQLÀFDQWGLIIHUHQFHV
betw
een control and treated enclosures, indicating that tebuconazole had no detectable 
im
pact on the m
icrobial com
m
unities associated w
ith sedim
ent. 
5HJDUGLQJEDFWHULDDWRWDORI6U51$JHQHVHTXHQFHVZLWKDQDFFHSWDEOH
TXDOLW\ZHUHREWDLQHGZLWKDQDYHUDJH6(RIUHDGVSHUVDPSOHEHLQJ
UHDGVWKHORZHVWDQGUHDGVWKHKLJKHVWQXPEHUDYHUDJHUHDGOHQJWK 
EDVHSDLUV%DVHGRQVHTXHQFHVLPLODULW\DVWKUHVKROGDWRWDORI278VZDV
found. R
arefaction curves generated using Q
IIM
E
 show
ed that diversity of bacterial 
com
m
unities present in the sedim
ent w
as not fully captured, since curves did not present 
DSODWHDX6HTXHQFHDQDO\VLVRIWKHVHGLPHQWDVVRFLDWHGEDFWHULDO6U51$JHQHSRRO
revealed that P
roteobacteria w
as the m
ajor bacteria phylum
 present in the sedim
ent 
(F
ig. 1, F
ig. S4), w
ith B
etaproteobacteria, D
eltaproteobacteria and A
lphaproteobacteria 
being the m
ost abundant classes (F
ig. S5). A
t day 24, som
e bacterial phyla had a 
slightly different relative abundance w
hen control and treated units w
ere com
pared 
(i.e. C
yanobacteria; F
ig. 1). H
ow
ever, because this difference w
as not consistent in all 
replicates (F
ig. S4), a tw
o-sam
ple t-test w
as used to determ
ine w
hether the treatm
ent 
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VLJQLÀFDQWO\DIIHFWHGDQ\VSHFLÀFSK\OXP1RVLJQLÀFDQWGLIIHUHQFHVEHWZHHQFRQWURO
and treated enclosures w
ere found, indicating that the variance w
as likely due to 
IDFWRUVRWKHUWKDQWKHWHEXFRQD]ROHWUHDWPHQW1RVHTXHQFLQJGDWDZHUHREWDLQHGIRU
the fungal com
m
unity associated w
ith sedim
ent.
*MKYVI6IPEXMZIEFYRHERGISJFEGXIVMEPTL]PEHIXIGXIHMRWIHMQIRXWEQTPIWFEWIHSR
T]VSWIUYIRGMRKSJ7V62%KIRIJVEKQIRXW(EXEJVSQEPPIRGPSWYVIW[IVITSSPIHSRHE]
SRHE]WERHHEXEJVSQMRHMZMHYEPIRGPSWYVIW[IVITSSPIHEGGSVHMRKXSXVIEXQIRX%PP
TL]PEGSRXVMFYXMRKXSPIWWXLER	SJXLIXSXEPFEGXIVME[IVIKVSYTIHEWŦ3XLIVŧ7II*MKYVI7
JSVTVSƈPIWSJMRHMZMHYEPQMGVSGSWQW
0IEJ0MXXIV
*YRKM
1RVLJQLÀFDQWWUHDWPHQWHIIHFWZDVIRXQGRQIXQJDOELRPDVVSUHVHQWRQOHDIPDWHULDO
PHDQYDOXH6(LQWKHFRQWUROZDVJPJGU\PDVVOHDIDQGIURP
µg/m
g dry m
ass leaf in the tebuconazole treatm
ent over the 52 days exposure period.
$QDO\VLVRIWKHQXPEHURIIXQJDO278VEDQGVSUHVHQWRQWKH'**(SURÀOHVLQGLFDWHG
WKDWWHEXFRQD]ROHKDGDVLJQLÀFDQWHIIHFWRQIXQJDOFRPPXQLW\RQGD\VDQG
DIWHUWUHDWPHQW$WZRVDPSOHWWHVWVKRZHGWKDWWUHDWHGHQFORVXUHVKDGDVLJQLÀFDQWO\
decreased num
ber of fungal O
T
U
s com
pared to control units on day 17 (only for 
SULPHUVHWWDUJHWLQJWKH6U51$JHQHDQGRQGD\IRUERWKSULPHUVHWVDIWHU
the treatm
ent. T
he total num
ber of fungal O
T
U
s detected depended on the prim
er set 
used. For leaf m
aterial from
 control enclosures, the average num
ber (±
 SE
) of O
T
U
s 
ZDVYDU\LQJIURPWRZKHQWKH6U51$JHQHZDVWKHDPSOLÀFDWLRQWDUJHW
DQGUDQJLQJIURPWRZKHQWKH,76UHJLRQZDVWKHWDUJHW)RUOHDIPDWHULDO
from
 tebuconazole treated enclosures the average num
ber (±
 SE
) of O
T
U
s w
as 5 ±
 
YDU\LQJIURPWRDQGUDQJLQJIURPWRIRUWKH6U51$JHQHDQG
IT
S region, respectively. P
R
C
 analysis of the fungal 18S rR
N
A
 gene based D
G
G
E
 data, 
LQGLFDWHGWKDWWHEXFRQD]ROHKDGDVLJQLÀFDQWHIIHFWRQIXQJDOFRPPXQLW\VWUXFWXUHEXW
that recovery had occurred by D
ay 52 (F
ig. 2A
). A
nalysis of the IT
S region show
ed a 
VLPLODUSDWWHUQDOEHLWZLWKRQO\ERUGHUOLQHVLJQLÀFDQFHp =
 0.06; F
ig. 2B
).
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*MKYVI4VMRGMTEP6IWTSRWI'YVZIHMEKVEQSJXLIJYRKEPGSQQYRMX]WXVYGXYVISRPIEJPMXXIV
(MEKVEQWEVIFEWIHSR(++)TVSƈPIWSJ4'6EQTPMƈIH7V62%KIRI%ERH-87VIKMSR&
%	SJEPPZEVMERGIGSYPHFIEXXVMFYXIHXSWEQTPMRKHEXIERH	XSXVIEXQIRXPIZIP	SJ
[LMGLMWHMWTPE]IHSRXLIZIVXMGEPE\MW&	SJEPPZEVMERGIGSYPHFIEXXVMFYXIHXSWEQTPMRK
HEXIERH	XSXVIEXQIRXPIZIP	SJ[LMGLMWHMWTPE]IHSRXLIZIVXMGEPE\MW'HX !'ERSRMGEP
GSIƊGMIRXWLS[MRKXLIHMƇIVIRGIFIX[IIRXVIEXQIRXWERHGSRXVSPSZIVXMQI
$WRWDORI6U51$JHQHVHTXHQFHVZLWKDQDFFHSWDEOHTXDOLW\ZHUHREWDLQHG
ZLWKDQDYHUDJH6(RIUHDGVSHUVDPSOHEHLQJUHDGVWKHORZHVW
DQGUHDGVWKHKLJKHVWQXPEHUDYHUDJHUHDGOHQJWK EDVHSDLUV%DVHGRQ
VHTXHQFHVLPLODULW\DVWKUHVKROGDWRWDORI278VZDVIRXQG%DVHGRQ6
U51$JHQHVHTXHQFLQJWKHIXQJDOFRPPXQLW\RQOHDIPDWHULDOZDVGRPLQDWHGE\WD[D
EHORQJLQJPDLQO\WRWKH&KLWULGLRP\FRWDDQG$VFRP\FRWDSK\OD)LJ7DEOH6DQG
the dom
inant genera w
ere N
ow
ak
ow
sk
iella, C
ladochytrium
, A
nguillospora and P
estalotiopsis. 
T
etracladium
 w
as also found on leaf m
aterial from
 both control and treated enclosures, 
EXWLWKDGDORZUHODWLYHDEXQGDQFHRIWKHWRWDOIXQJLLQDYHUDJH6HTXHQFLQJGDWD
indicated that the fungal com
m
unity on tebuconazole-exposed leaf m
aterial exhibited 
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an increase in the relative abundance of A
nguillospora and a decrease in the relative 
abundance of P
estalotiopsisRYHUWKHGXUDWLRQRIWKHH[SHULPHQW)LJ
In term
s of conidia production, A
nguillospora longissim
a and T
etracladium
 setigerum
 w
ere 
WKHGRPLQDQWDTXDWLFK\SKRP\FHWHVSHFLHVFRORQLVLQJOHDIPDWHULDOLUUHVSHFWLYHRI
treatm
ent, how
ever, conidia production by 
A
nguillospora 
longissim
aZDVVLJQLÀFDQWO\
reduced by exposure to tebuconazole at all-tim
e points (F
ig. 4). T
he abundance of 
T
etracladium
 setigerum
 conidia w
as not affected by tebuconazole exposure (F
ig. 4).
*MKYVI6IPEXMZIEFYRHERGISJJYRKEPXE\EHIXIGXIHSR%PRYWPIEJQEXIVMEP(EXEJVSQ
MRHMZMHYEPIRGPSWYVIW[IVITSSPIHEGGSVHMRKXVIEXQIRX%PPXE\EGSRXVMFYXMRKXSPIWWXLER	
SJXLIXSXEPJYRKM[IVIKVSYTIHXSKIXLIVERHGEPPIHŦ3XLIVŧ
*MKYVI1IER+7)GSRMHMETVSHYGXMSRWGSVIWJSV%RKYMPPSWTSVEPSRKMWWMQEGMVGPIWWSPMH
PMRIERH8IXVEGPEHMYQWIXMKIVYQXVMERKPIWHEWLIHPMRISRPIEJQEXIVMEPJVSQGSRXVSP
IRGPSWYVIWFPEGOW]QFSPWSVIRGPSWYVIWXVIEXIH[MXLXIFYGSRE^SPI[LMXIW]QFSPW
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$WRWDORI6U51$JHQHVHTXHQFHVZLWKDQDFFHSWDEOHTXDOLW\ZHUHREWDLQHG
ZLWKDQDYHUDJH6(RIUHDGVSHUVDPSOHEHLQJUHDGVWKHORZHVWDQG
UHDGVWKHKLJKHVWQXPEHUDYHUDJHUHDGOHQJWK EDVHSDLUV%DVHGRQ
VHTXHQFHVLPLODULW\DVWKUHVKROGDWRWDORI278VZDVIRXQG$VZLWKVHGLPHQW6
U51$JHQHVHTXHQFHDQDO\VLVUHYHDOHG3URWHREDFWHULDDVWKHGRPLQDQWEDFWHULDOSK\OXP
from
 leaf m
aterial (F
ig. 5), how
ever, its relative abundance w
as greater on leaf m
aterial 
WKDQLQVHGLPHQW$OSKDSURWHREDFWHULDZDVWKHPRVWDEXQGDQW
class, follow
ed by B
etaproteobacteria and D
eltaproteobacteria (F
ig. S6). Sedim
ent 
show
ed a higher diversity of bacterial phyla w
hen com
pared to leaf litter. In total 40 
GLIIHUHQWSK\ODZHUHLGHQWLÀHGIURPVHGLPHQWVDPSOHVZKLOHZHUHLGHQWLÀHGIURP
leaf litter. H
ow
ever, the m
ost abundant phyla in both control and treated enclosures 
w
ere the sam
e. 
*MKYVI6IPEXMZIEFYRHERGISJFEGXIVMEPTL]PEHIXIGXIHSR%PRYWPIEJQEXIVMEP(EXEJVSQ
MRHMZMHYEPIRGPSWYVIW[IVITSSPIHEGGSVHMRKXVIEXQIRX%PPTL]PEGSRXVMFYXMRKXSPIWWXLER
	SJXLIXSXEPFEGXIVME[IVIKVSYTIHXSKIXLIVEWŦ3XLIVŧ
5DUHIDFWLRQFXUYHVJHQHUDWHGXVLQJOHDIOLWWHUVHTXHQFLQJGDWDVKRZHGWKDWHLWKHU
EDFWHULDORUIXQJDOFRPPXQLWLHVGLYHUVLW\ZHUHQRWIXOO\REWDLQHGKHUH)LJ6&XUYHV
did not present a plateau in either case, how
ever, com
plete fungal diversity w
as closer 
to be obtained than bacterial. W
hile bacterial and fungal diversity w
ere not entirely 
FDSWXUHGSUHGRPLQDQFHRIDIHZEDFWHULDODQGIXQJDOWD[DZDVUHDOL]HG)LJ)LJ
and F
ig.5). 
0IEJPMXXIVHIGSQTSWMXMSR
/HDIPDVVORVVJGU\PDVVZDVVLJQLÀFDQWO\JUHDWHUIURPFRDUVHPHVKWKDQÀQHPHVK
EDJVEXWWKHUHZDVQRVLJLQLÀFDQWHIIHFWRIWUHDWPHQWRQOHDIPDVVORVV%\WKHHQGRI
the study (day 52), m
ean (+6(WRWDOPDVVORVVZDV+
 0.06 g of w
hich approxim
ately 
+JZDVGXHWRPLFURELDOGHFRPSRVLWLRQ
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7LVIHHIVJIIHMRK
T
he m
ean (±
 SE
) feeding rate of G
am
m
arus pulex offered leaves previously deployed in 
WKHFRQWUROHQFORVXUHVZDVPJPJGULHGDQLPDOGD\DQGPJPJ
dried anim
al/day for anim
als offered leaves previously deployed in the tebuconazole-
treated enclosures. A
nim
als fed tebuconazole-exposed leaves had consistently low
er 
feeding rates than those fed w
ith non-exposed leaf m
aterial (F
ig. 6). T
his treatm
ent 
HIIHFWLQFUHDVHGZLWKH[SRVXUHWLPHDQGZDVVWDWLVWLFDOO\VLJQLÀFDQWIURPGD\V
exposure to the end of the experim
ent at 52 days. 
*MKYVI(MƇIVIRGIWMRQIERJIIHMRKVEXIWXVIEXQIRXQMRYWGSRXVSPSJ+TYPI\JIHPIEZIW
TVIZMSYWP]HITPS]IHMRXIFYGSRE^SPIXVIEXIHSVGSRXVSPIRGPSWYVIW%WXIVMWOWHIRSXIE
WMKRMƈGERXHMƇIVIRGIMRJIIHMRKVEXIFIX[IIRGSRXVSPERHXVIEXQIRX
C
H
A
P
T
E
R
 3
82 (MWGYWWMSR
T
he aim
 of this study w
as to evaluate the extent to w
hich a fungicide concentration 
resem
bling its acute “non-m
icrobial” H
C
5 (established using acute toxicity data for 
DTXDWLFDQLPDOVDQGSODQWVLQFOXGLQJDOJDHLVSURWHFWLYHRIKHWHURWURSKLFPLFURELDO
FRPPXQLW\VWUXFWXUHDQGIXQFWLRQLQJ:HH[SRVHGPLFURELDOFRPPXQLWLHVWR
µg tebuconazole/L
 (i.e. the “non-m
icrobial” H
C
5) in outdoor enclosures containing 
m
acrophyte, algal and invertebrate com
m
unities representative of D
utch ditches. B
ased 
on laboratory studies, tebuconazole is expected to be relatively persistent in w
ater 
GHJUDGDWLRQ'7GD\VIRUWHVWV\VWHPGD\VIRUZDWHUSKDVH)22735,17
DQGWRDGVRUEWRRUJDQLFPDWHULDOLQFOXGLQJOHDIPDWHULDOORJ.
ow .DKOH
HWDO7KHPHDQGLVVLSDWLRQ'7RIWHEXFRQD]ROHLQVWXG\HQFORVXUHVZDV
days for the w
ater phase and 90 days for leaf m
aterial. It seem
s plausible to assum
e that 
the freely dissolved tebuconazole fraction in w
ater is bioavailable to m
icrobes. To w
hat 
extend the fraction of tebuconazole present in organic m
atter and plant litter is directly 
ELRDYDLODEOHWRDVVRFLDWHGEDFWHULDDQGIXQJLUHPDLQVDQLPSRUWDQWUHVHDUFKTXHVWLRQ
A
 greater num
ber of bacterial phyla w
ere associated w
ith sedim
ent than w
ith leaf 
PDWHULDO7KHWRWDOQXPEHURIEDFWHULDOSK\ODGHWHFWHGE\VHTXHQFLQJZDVIRU
VHGLPHQWDQGIRUOHDIPDWHULDODQGDOOEDFWHULDOFRPPXQLWLHVZHUHGRPLQDWHGE\
P
roteobacteria; dom
inant classes being A
lphaproteobacteria, B
etaproteobacteria and 
D
eltaproteobacteria. H
igh abundance of P
roteobacteria, associated w
ith freshw
ater 
sedim
ents, has already been found in previous studies (B
esem
er et al., 2012; Spring et 
DO7DPDNLHWDO7KHUHODWLYHDEXQGDQFHRI3URWHREDFWHULDZDV
RQVHGLPHQWDQGRQOHDIPDWHULDO7KLVGRPLQDQFHRI3URWHREDFWHULDLVLQ
line w
ith data presented by M
cN
am
ara and L
eff (2004) w
ho found that P
roteobacteria 
DFFRXQWHGIRURIWRWDOEDFWHULDSUHVHQWLQELRÀOPVREWDLQHGIURPPDSOHOHDYHV
H
utalle-Schm
elzer et al. (2010) reported that after the introduction of leaf litter in 
lim
netic system
s P
roteobacteria increased, suggesting that they are able to grow
 on, and 
process, recalcitrant com
pounds originating from
 leaf litter. 
T
he m
axim
um
 num
ber of fungal O
T
U
s detected by D
G
G
E
, targeting the 18S rR
N
A
 
gene, w
as 61 for sedim
ent and 9 for leaf m
aterial. Such difference m
ight be explained 
E\WKHKLJKHUHXNDU\RWLFGLYHUVLW\LQWKHVHGLPHQWVLQFHÀQGLQJDSULPHUVHWWKDWFRYHUV
WKHIXOOEUHDGWKRIWKHIXQJLNLQJGRPZKLOHH[FOXGLQJQRQIXQJDOVHTXHQFHVLVDYHU\
GLIÀFXOWLIQRWLPSRVVLEOHWDVN$QGHUVRQDQG&DLUQH\$QGHUVRQHWDO
W
hen the IT
S region w
as targeted, the m
axim
um
 num
ber of O
T
U
s w
as 25 for sedim
ent 
VDPSOHVDQGIRUOHDIPDWHULDO7KHVHGLPHQWIXQJDOFRPPXQLW\ZDVQRWVHTXHQFHG
+RZHYHUVHTXHQFLQJRIWKHIXQJDOFRPPXQLW\DVVRFLDWHGZLWKOHDIPDWHULDOLQGLFDWHG
that the dom
inant groups w
ere C
hytridiom
ycota (zoosporic fungi) and A
scom
ycota 
(includes hyphom
ycetes) and that the dom
inant genera w
ere A
nguillospora, C
ladochytrium
, 
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N
ow
ak
ow
sk
iella and P
estalotiopsis. P
revious studies have also detected a high abundance 
of the zoosporic fungi (e.g. C
ladochytrium
, N
ow
ak
ow
sk
iella) associated w
ith decom
posing 
leaves (M
arano et al., 2011), indicating the potential im
portance of these fungal groups 
in leaf decom
position. M
ost studies of leaf decom
position have focused on the role 
RIDTXDWLFK\SKRP\FHWHV2QO\IRXUJHQHUDRIDTXDWLFK\SKRP\FHWHVZHUHGHWHFWHGE\
VHTXHQFLQJA
nguillospora, T
etrachaetum
, T
um
ularia and T
etracladium
 (T
able S2). 
7KHUHZDVQRHYLGHQFHRIDVLJQLÀFDQWHIIHFWRIWHEXFRQD]ROHWUHDWPHQWRQWKH
structure of the bacterial com
m
unity associated w
ith sedim
ent or leaf m
aterial. W
e are 
not aw
are of other studies that have addressed the im
pact of tebuconazole on sedim
ent 
bacteria, but the effect of tebuconazole on soil bacteria has been studied. H
ow
ever, the 
results of these studies are inconsistent: using the sam
e concentration of tebuconazole, 
B
ending et al. (2007) found no effect on soil bacterial biom
ass or com
m
unity structure, 
w
hereas M
uñoz-L
eoz et al. (2011) reported a decrease in soil m
icrobial biom
ass and 
DFWLYLW\$VWXG\ZLWKWKHIXQJLFLGHPHWLUDPDQGJ/ZKLFKXVHGWKHVDPH
outdoor system
 as used here for tebuconazole, did not detect any consistent treatm
ent-
related effects on the sedim
ent bacterial com
m
unity (L
in et al., 2012).  W
idenfalk et al. 
(2008) found that captan, applied to a freshw
ater sedim
ent at environm
entally relevant 
0D[LPXP3HUPLVVLEOH&RQFHQWUDWLRQVJNJGZ&URPPHQWXLMQHWDO
GLGQRWDIIHFWPLFURELDODFWLYLW\RUELRPDVVEXWGLGUHVXOWLQVLJQLÀFDQWVKLIWVLQWKH
m
icrobial com
m
unity; suggesting the presence of functional redundancy in the captan-
stressed m
icrobial com
m
unity. M
ilenkovski et al. (2010) investigated the toxicity of eight 
fungicides, including captan, to a bacterial com
m
unity isolated from
 a w
etland; toxic 
effects only being seen at fungicide concentrations m
uch higher than w
ould norm
ally 
ZRXOGRFFXULQWKHDTXDWLFHQYLURQPHQW
Several studies have investigated the effects of tebuconazole on bacteria associated 
w
ith decom
posing leaf m
aterial. U
nder laboratory conditions, bacterial cell num
bers 
on conditioned leaves w
ere not affected w
hen exposed to 65 µg tebuconazole/L
 
=XEURGHWDOEXWZHUHVLJQLÀFDQWO\GHFUHDVHGZKHQH[SRVHGWRJ
tebuconazole/L
 (B
undschuh et al., 2011). A
rtigas et al. (2012) analyzed the effects of a 
chronic tebuconazole exposure (6 w
eekly pulses of 20 µg/L
) in experim
ental laboratory 
channels and found that bacterial biom
ass tem
porally decreased on conditioned A
lnus 
and P
opulusOHDYHVIROORZHGE\IXOOUHFRYHU\)XUWKHUPRUHXVLQJPROHFXODUWHFKQLTXHV
they dem
onstrated effects of repeated tebuconazole application on bacterial com
m
unity 
structure, particularly on decom
posing P
opulus leaf m
aterial. T
his contrasts w
ith our 
UHVXOWVVLQFHZHGLGQRWÀQGWUHDWPHQWUHODWHGHIIHFWV0DMRUGLIIHUHQFHVEHWZHHQ
RXUVWXG\DQG$UWLJDVHWDODUHH[SRVXUHUHJLPHÁRZUHJLPHDQGWKHVRXUFH
com
m
unities used. W
e colonised leaves in static ditches and dosed standing w
ater 
V\VWHPVRQFHZLWKJWHEXFRQD]ROH/$UWLJDVHWDOFRORQLVHGOHDYHVLQD
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persistent nature of tebuconazole in our study resulted in an average w
ater concentration 
of 58 µg/L
 after 59 days, suggesting that the difference in effect is not due to exposure 
concentration. It is highly probable that the com
position of the m
icrobial com
m
unities 
on leaf m
aterial differed betw
een the tw
o studies and therefore the difference could 
be due to the greater sensitivities of stream
 bacterial com
m
unities to tebuconazole 
exposure. H
ow
ever, com
parison betw
een m
icrobial com
m
unities described here and 
WKRVHIRXQGE\$UWLJDVHWDOLVQRWSRVVLEOHVLQFHPROHFXODUWHFKQLTXHVXVHG
LQWKH$UWLJDVHWDOVWXG\GLGQRWLQFOXGHVHTXHQFLQJDQDO\VLVDQGWKXVGLGQRW
provide inform
ation on the identity of bacteria. 
Tebuconazole had no effect on the fungal com
m
unity in sedim
ent, but did affect the 
fungal com
m
unity associated w
ith leaf m
aterial. W
e are not aw
are of other studies 
that have addressed the im
pact of tebuconazole on sedim
ent fungal com
m
unities, 
although there have been studies on soil organism
s, individual fungal species and fungal 
com
m
unities on leaves. Tebuconazole (5 m
g/kg) had a lim
ited effect on the eukaryotic 
soil com
m
unity (B
ending et al., 2007) and four of the seven fungal species exposed 
WRWHEXFRQD]ROHLQVLQJOHVSHFLHVODERUDWRU\WHVWVKDG12(&YDOXHVEHORZJ
tebuconazole/L
 (D
ijksterhuis et al., 2011). A
lthough none of these four species w
ere 
found in the present study, above data indicate that w
e could have expected effects on 
fungi in our enclosure experim
ent. O
ne possible explanation for w
hy w
e could not 
dem
onstrate such an effect m
ight be that exposure conditions in the laboratory tests 
GLGQRWUHÁHFWH[SRVXUHFRQGLWLRQVLQWKHXSSHUVHGLPHQWOD\HURIRXUÀHOGWHVWV\VWHPV
w
here the bioavailable fraction of tebuconazole m
ay be low
er. A
nother reason for the 
OHVVVHQVLWLYHUHVSRQVHPLJKWEHWKDWWKHIXQJLSUHVHQWLQWKHVHGLPHQWRIRXUÀHOG
enclosures w
ere genetically and/or physiologically m
ore tolerant to tebuconazole-stress 
than the isolates used in the laboratory experim
ent.  
Tebuconazole exposure resulted in a change in the total num
ber of O
T
U
s and relative 
abundance of fungi on leaf m
aterial, as w
ell as sporulation, but no change in biom
ass. 
P
revious studies have reported a reduction in fungal biom
ass w
hen leaf m
aterial, 
w
hich had been colonized by using pre-conditioned leaves in stream
s, is exposed 
to tebuconazole (A
rtigas et al., 2012; B
undschuh et al., 2011; Z
ubrod et al., 2011) 
suggesting that stream
 fungal com
m
unities m
ay be m
ore sensitive to tebuconazole 
than ditch fungal com
m
unities. In the present study, fungal biom
ass on leaf m
aterial 
ZDVORZHUWKDQWKDWUHSRUWHGIRUOHDIPDWHULDOLQVWUHDPVLH²JIXQJXV
m
g dry leaf m
ass com
pared to 21 - 104 µg fungus/m
g dry leaf m
ass) (G
essner and 
&KDXYHW6ULGKDUHWDO%DOG\HWDOFRPSDUHGIXQJDOELRPDVVRQ
leaf litter betw
een a pond and a river and reported that the fungal biom
ass associated 
w
ith decom
posing leaves in the river w
as approxim
ately 2.5 - 4.0 tim
es larger than in the 
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SRQG)XUWKHUPRUHVHTXHQFLQJUHVXOWVVKRZHGWKDW&K\WULGLRP\FRWDZDVGRPLQDQWLQ
the leaf m
aterial, w
hich is a group of fungi that does not contain ergosterol (G
essner 
et al., 1997). T
herefore, part of the fungal com
m
unity present on the leaf m
aterial 
FRXOGQRWKDYHEHHQTXDQWLÀHGE\WKHPHWKRGRORJ\XVHGKHUH7KHUHODWLYHO\ORZIXQJDO
biom
ass on the leaf m
aterial, coupled w
ith a difference in com
m
unity com
position, m
ay 
explain the absence of treatm
ent-related effects on fungal biom
ass in our study. 
6HTXHQFLQJGDWDGHPRQVWUDWHGDQLQFUHDVHLQWKHUHODWLYHDEXQGDQFHRIA
nguillospora 
and a decrease in the relative abundance of P
estalotiopsis on alder leaf m
aterial exposed 
to tebuconazole. T
he production of conidia by A
nguillospora longissim
a w
as reduced by 
tebuconazole exposure, indicating that sporulation w
as sensitive to this fungicide. T
his 
LVFRQVLVWHQWZLWKSUHYLRXVVWXGLHVWKDWKDYHGHPRQVWUDWHGDVLJQLÀFDQWLQKLELWLRQRI
fungal sporulation in the presence of tebuconazole (65 µg/L
) (Z
ubrod et al., 2011) and 
other stressors, including heavy m
etals (B
erm
ingham
 et al., 1996b; D
uarte et al., 2009; 
L
ecerf and C
hauvet, 2008). In contrast, eutrophication had a positive effect on conidia 
production (L
ecerf and C
hauvet, 2008), and L
in et al. (2012) could not dem
onstrate 
WUHDWPHQWUHODWHGHIIHFWVRIH[SRVXUHWRWKHIXQJLFLGHPHWLUDPXSWRJ/RQ
conidia production. L
ecerf and C
hauvet (2008) have argued that of a suite of m
easures 
of fungal perform
ance (i.e. m
icrobial leaf decom
position, conidia production, fungal 
biom
ass and species richness), conidia production w
as the m
ost sensitive indicator of 
anthropogenic stress in stream
s.
F
ungal com
m
unity com
position and abundance are im
portant for m
icrobially-m
ediated 
leaf decom
position and the utilization of leaf m
aterial by shredder invertebrates 
%DUORFKHU0DOWE\DE6XEHUNURSSDQG$UVXIÀ'HVSLWHDFKDQJH
in fungal com
m
unity structure, there w
as no evidence of an effect of tebuconazole 
RQPLFURELDOGHFRPSRVLWLRQEXWWKHUHZDVDVLJQLÀFDQWHIIHFWRQVKUHGGHUIHHGLQJ
rate. G
am
m
arus pulexIHHGLQJZDVVLJQLÀFDQWO\UHGXFHGZKHQIHGOHDIPDWHULDOWKDW
KDGEHHQH[SRVHGWRWHEXFRQD]ROHIRUDWOHDVWGD\V7KLVÀQGLQJLVLQOLQHZLWKD
study of B
undschuh et al. (2011) that reported that G
. fossarumVLJQLÀFDQWO\SUHIHUUHG
leaf m
aterial that had not been exposed to tebuconazole over leaf m
aterial previously 
exposed to concentrations of either 50 or 500 µg/L
 tebuconazole. Z
ubrod et al. (2010) 
DOVRUHSRUWHGDVLJQLÀFDQWUHGXFWLRQLQWKHIHHGLQJUDWHRIG
. fossarum
 w
hen offered leaf 
m
aterial previously exposed to a tebuconazole concentration of 600 µg/L
. R
eduction 
in feeding rate of G
. pulex could be due to either a toxic effect of tebuconazole 
DFFXPXODWHGLQOHDIPDWHULDODUHGXFWLRQLQIRRGTXDOLW\WKURXJKWHEXFRQD]ROHLQGXFHG
changes in m
icrobial com
position or due to a toxic effect of the tebuconazole in 
the w
ater phase. A
lnus leaf m
aterial did accum
ulate tebuconazole (m
ean values 64-
82 µg/g) and it is know
n that G
. pulex exhibits preferences for particular species of 
DTXDWLFK\SKRP\FHWH$UVXIÀDQG6XEHUNURSS*UDFDHWDO7HEXFRQD]ROH
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m
unity com
position, w
ith the m
axim
um
 effect being 
GHWHFWHGDIWHUGD\VH[SRVXUHIROORZHGE\UHFRYHU\+RZHYHULWLVXQFOHDUKRZWKH
changes detected in com
m
unity structure w
ould alter shredder feeding preferences. 
Interestingly, tebuconazole-induced reductions in feeding rate observed in laboratory 
studies did not translate into reduction in invertebrate-m
ediated leaf decom
position in 
the m
icrocosm
s. A
 probable explanation for that m
ight be the low
 density of shredders 
in the experim
ental units, relative to the total am
ount of leaf m
aterial present. 
,QFRQFOXVLRQWHEXFRQD]ROHDWLWV´QRQPLFURELDOµ+&FRQFHQWUDWLRQJ/
GHULYHGIURPDFXWHWR[LFLW\WHVWVZLWKÀVKLQYHUWHEUDWHVDQGSULPDU\SURGXFHUVKDGQR
effect on fungal biom
ass, leaf decom
position or bacterial com
m
unities associated w
ith 
either sedim
ent or leaf m
aterial in m
icrocosm
s. Tebuconazole exposure did, how
ever, 
UHGXFHFRQLGLDSURGXFWLRQE\DGRPLQDQWDTXDWLFK\SKRP\FHWHVSHFLHVDQGDOWHUWKH
fungal com
m
unity associated w
ith A
lnus leaf m
aterial; although the effects on the fungal 
com
m
unity w
ere short-term
 and recovery occurred by 52 days post-application. T
he 
feeding rate of G
am
m
arus pulex fed leaf m
aterial exposed to tebuconazole for at least 
GD\VZDVDOVRVLJQLÀFDQWO\UHGXFHG'HVSLWHWHEXFRQD]ROHDSSOLFDWLRQKDYHFDXVHG
a lim
ited ecological im
pact, such im
pact should not be ignored; instead, should alarm
 
IRUWKHQHFHVVLW\RIIXUWKHUUHVHDUFK&RQVHTXHQWO\UHJXODWRU\ULVNDVVHVVPHQWRID]ROH
IXQJLFLGHVLQ(XURSHXQGHU5HJXODWLRQ(&ZKLFKUHTXLUHVWR[LFLW\GDWDIRU
DVWDQGDUGVHWRIWHVWVSHFLHVLQFOXGLQJDYHUWHEUDWHÀVKLQYHUWHEUDWHFUXVWDFHDQDQG
SULPDU\SURGXFHUDOJDHRQO\PD\QRWEHDGHTXDWHWRDYRLGHIIHFWVRQWKHVWUXFWXUH
and function of m
icrobial com
m
unities in freshw
ater ecosystem
s. T
his m
ay be also true 
for stream
 (lotic) ecosystem
s, w
here although duration of exposure m
ay be reduced, 
fungi play a m
ore prom
inent role in decom
position and the m
icrobial com
m
unity m
ay 
be m
ore sensitive to fungicide exposure. 
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'LIQMGEPEREP]WMWSJXIFYGSRE^SPIMR[EXIVERHTPERXW
7KHDQDO\WLFDOPHWKRGVKHUHGHVFULEHGZHUHXVHGIRUH[WUDFWLRQDQGTXDQWLÀFDWLRQRI
tebuconazole in the w
ater phase and leaf m
aterial used in the present w
ork. T
hese 
m
ethods w
ere developed by the E
nvironm
ental R
isk A
ssessm
ent Team
 at A
lterra 
Institute - W
ageningen U
niversity.
Tebuconazole standard stock solutions w
ere prepared using a reference m
aterial w
ith 
SXULW\RI)LUVWO\PJRIWKHUHIHUHQFHPDWHULDOZDVGLVVROYHGLQJRI
DFHWRQHSURGXFLQJDVWRFNVROXWLRQRIPJ/$QDOLTXRWRIWKLVVWRFNVROXWLRQ
w
as further diluted (100-fold) in acetone to produce a second stock solution of stock 5 
m
g/L
). B
oth stock solutions w
ere stored at -20 oC
 until further use.
P
rior analysis, calibration standards w
ith concentrations ranging from
 0.5 to 250 ng/m
L
 
w
ere freshly prepared by diluting the stock previously prepared. D
ilutions w
ere m
ade 
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96 GLUHFWO\LQWR*&YLDOVXVLQJDPL[WXUHRIDFHWRQHDQG0LOOL4ZDWHUYY
using a H
am
ilton 500 dilutor.7KHH[WUDFWVZHUHDQDO\]HGE\/&0606VHH7DEOH6
8EFPI70'1717'SRHMXMSRWJSVXIFYGSRE^SPIEREP]WMW
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6IWTSRWIWSJTL]XSTPEROXSRERH^SSTPEROXSRMRXLIXIFYGSRE^SPI
QMGVSGSWQI\TIVMQIRX
1EXIVMEPWERHQIXLSHW
-RXVSHYGXMSR
T
his tebuconazole outdoor m
icrocosm
 experim
ent w
as conducted in concert w
ith 
another outdoor m
icrocosm
 experim
ent studying the ecological effects of exposure 
to the fungicide m
etiram
 (see L
in et al. 2002). In fact the m
etiram
 and tebuconazole 
experim
ents shared the sam
e control test system
s. T
he m
aterials and m
ethods to sam
ple 
and identify phyto- and zooplankton, as w
ell as a m
ore detailed description of the 
phytoplankton and zooplankton populations in control test system
s are described in 
detail in L
in et al. (2012).  A
pproxim
ately 100 different taxa of phytoplankton w
ere 
LGHQWLÀHGLQWKHWHVWV\VWHPV)RU]RRSODQNWRQWKLVZDVDSSUR[LPDWHO\VHH/LQHWDO
(2012) for further details. 
9RMZEVMEXIEREP]WMW
P
rior to univariate and m
ultivariate analyses, abundance data of zooplankton w
ere 
L
n(A
x
+
1) transform
ed, w
here x stands for the abundance value and A
x m
akes 2 by 
taking the low
est abundance value higher than zero (see V
an den B
rink et al. (2000) for 
rationale). T
his w
as done to dow
n w
eigh high abundance values and to approxim
ate 
a log-norm
al distribution of the data. T
he zooplankton and phytoplankton data 
w
ere respectively, L
n(10x+
1) and L
n(1.47x+
1) transform
ed before analysis. A
ll other 
variables w
ere tested using untransform
ed values. N
o O
bserved E
ffect C
oncentrations 
(N
O
E
C
s) at param
eter or taxon level w
ere calculated using the A
N
O
V
A
 test. T
he 
analyses w
ere perform
ed w
ith the C
om
m
unity A
nalysis com
puter program
 (H
om
m
en 
HWDO7KHDQDO\VLVUHVXOWHGLQDQRYHUYLHZRISRVVLEOHVWDWLVWLFDOO\VLJQLÀFDQW
differences in population densities of phytoplankton and zooplankton taxa betw
een the 
control and the treated replicates for each sam
pling w
eek. 
1YPXMZEVMEXIEREP]WMW
T
he response of the zooplankton and phytoplankton com
m
unities to the treatm
ent 
ZDVDQDO\]HGXVLQJWKH5HGXQGDQF\$QDO\VLV5'$RUGLQDWLRQWHFKQLTXHDQGE\0RQWH
C
arlo perm
utation testing (V
an W
ijngaarden et al., 1995). R
D
A
 w
as used to obtain an 
RYHUYLHZRIWKHHIIHFWVRIWKHSHVWLFLGHDWWKHFRPPXQLW\OHYHO7KLVWHFKQLTXHSURGXFHV
a diagram
 w
hich sum
m
arizes the data set, w
hile still show
ing species com
position for all 
sam
ples (see F
ig. S8 as exam
ple). In the diagram
, sam
ples w
ith nearly identical species 
com
position lie close together, w
hile sam
ples w
ith very different species com
position 
lie far apart. A
 species w
hich is relatively abundant in a sam
ple w
ill be situated close to 
this sam
ple. T
his diagram
 allow
s effects at the com
m
unity level to be distilled. To check 
C
H
A
P
T
E
R
 3
98 whether the treatm
ent related differences show
n in the R
D
A
-diagram
s w
ere statistically 
VLJQLÀFDQW0RQWH&DUORSHUPXWDWLRQWHVWVZHUHSHUIRUPHG%RWK5'$DQG0RQWH
C
arlo perm
utation tests w
ere perform
ed using the C
A
N
O
C
O
 softw
are package, version 
7HU%UDDNDQG6PLODXHU5'$GLDJUDPVDUHRQO\VKRZQZKHQVLJQLÀFDQW
differences w
ere indicated.
6IWYPXW
>SSTPEROXSR
1YPXMZEVMEXIEREP]WIW
8EFPI76IWYPXWSJ1SRXI'EVPSTIVQYXEXMSRXIWXWWLS[MRKXLIWMKRMƈGERGISJXLIIƇIGXWSJ
XIFYGSRE^SPISRXLI^SSTPEROXSRGSQQYRMX]JSVIEGLWEQTPMRKHEXI
fo
r e
a
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h
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a
m
p
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g
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Since no statistical differences (all p values >
 0.05) w
ere indicated in T
able S4 (M
onte 
C
arlo perm
utaion), the R
D
A
 diagram
 is not show
n.
9RMZEVMEXIEREP]WIW
For three zooplankton taxa m
ore or less consistent treatm
ent-related responses w
ere 
observed in the tebuconazole m
icrocosm
 experim
ent (see F
igure S7).
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T
he rotifer $QXUDHRSVLVÀVVD show
ed a treatm
ent-related increase at the end of the study 
(indirect effect) w
hile C
opepod nauplii and C
yclopoida show
ed a treatm
ent-related 
decrease on several sam
plings.
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$VWDWLVWLFDOVLJQLÀFDQWGLIIHUHQFHLQSK\WRSODQNWRQFRPPXQLW\FRPSRVLWLRQSYDOXH
<
 0.05) could be dem
onstrated on the isolated sam
pling day 24 only (T
able S5). O
n 
the R
D
A
 biblot (F
igure S8) it can indeed be seen that on sam
pling day 24 (D
24*C
 and 
D
24*T
) the trajectory of the control test system
s (green line; D
*C
 data points) deviated 
m
ost from
 that of the tebuconazole-treated test system
s (red line; D
*T
 data points).
*MKYVI76(%FMTPSXWLS[MRKXLIHMƇIVIRGIWMRTL]XSTPEROXSRWTIGMIWGSQTSWMXMSRFIX[IIR
XLIGSRXVSPERHXLIXIFYGSRE^SPIXVIEXQIRX8VIEXQIRXXMQIMRXIVEGXMSRI\TPEMRIH	SJ
XLIXSXEPZEVMEXMSRMRWTIGMIWGSQTSWMXMSRFIX[IIREPPWEQTPIWSJ[LMGL	MWHMWTPE]IHSR
XLILSVM^SRXEPE\MWERHERSXLIV	SRXLIZIVXMGEPE\MW
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9RMZEVMEXIEREP]WIW
For one phytoplankton population only (T
rachelom
onas gr 
oblonga) a consistent and 
VWDWLVWLFDOO\VLJQLÀFDQWWUHDWPHQWUHODWHGUHVSRQVHFRXOGEHGHPRQVWUDWHG)LJXUH6
Tebuconazole application caused an increase in abundance of this taxon at the end of 
the tebuconazole m
icrocosm
 study.
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W
hole sedim
ent toxicity tests play an im
portant role in environm
ental risk assessm
ent 
of organic chem
icals. It is not clear, how
ever, to w
hat extent changing m
icrobial 
com
m
unity com
position and associated functions affect sedim
ent test results. W
e 
DVVHVVHGWKHGHYHORSPHQWRIEDFWHULDOFRPPXQLWLHVLQDUWLÀFLDOVHGLPHQWGXULQJD
day bioaccum
ulation test w
ith polychlorinated biphenyls, chlorpyrifos and four m
arine 
EHQWKLFLQYHUWHEUDWHV'**(DQGS\URVHTXHQFLQJRI3&5DPSOLÀHG6U51$
genes w
ere used to characterise bacterial com
m
unity com
position. A
bundance of total 
bacteria and selected genes encoding enzym
es involved in im
portant m
icrobially-m
ediated 
HFRV\VWHPIXQFWLRQVZHUHPHDVXUHGE\T3&5&RPPXQLW\FRPSRVLWLRQDQGGLYHUVLW\
responded m
ost to the tim
e course of the experim
ent, w
hereas organic m
atter (O
M
) 
FRQWHQWVKRZHGDORZEXWVLJQLÀFDQWHIIHFWRQFRPPXQLW\FRPSRVLWLRQELRGLYHUVLW\
DQGWZRIXQFWLRQDOJHQHVWHVWHG0RUHRYHU20FRQWHQWKDGDKLJKHULQÁXHQFHRQ
bacterial com
m
unity com
position than invertebrate species. M
edium
 O
M
 content led 
to the highest gene abundance and is preferred for standard testing. O
ur results also 
LQGLFDWHGWKDWDSUHHTXLOLEUDWLRQSHULRGLVHVVHQWLDOIRUJURZWKDQGVWDELOL]DWLRQRIWKH
bacterial com
m
unity. T
he observed changes in m
icrobial com
m
unity com
position and 
functional gene abundance m
ay im
ply actual changes in such functions during tests, 
ZLWKFRQVHTXHQFHVIRUH[SRVXUHDQGWR[LFLW\DVVHVVPHQW
Chapter 4
M
O
L
E
C
U
L
A
R
 A
S
S
E
S
S
M
E
N
T
 O
F
 B
A
C
T
E
R
IA
L
 C
O
M
M
U
N
IT
Y
 D
Y
N
A
M
IC
S
 A
N
D
 F
U
N
C
T
IO
N
A
L
 
E
N
D
P
O
IN
T
S
 D
U
R
IN
G
 S
E
D
IM
E
N
T
 B
IO
A
C
C
U
M
U
L
A
T
IO
N
 T
E
S
T
S
111
-RXVSHYGXMSR
Sedim
ent m
icrobial com
m
unities play an im
portant role in ecosystem
 functions like 
nutrient cycling, prim
ary production and decom
position. 1 M
icrobial com
m
unities have 
DODUJHLQÁXHQFHRQDEXQGDQFHDQGGLYHUVLW\RIEHQWKLFLQYHUWHEUDWHVE\FRQWUROOLQJ
carbon 
dynam
ics
1 
and 
providing 
a 
food 
source. 2-5 
O
n 
the 
other 
hand, 
benthic 
invertebrates can affect m
icroorganism
s for instance by bioturbation, i.e. rew
orking of 
sedim
ents by anim
als and plants. 6-9
0LFURRUJDQLVPVLQÁXHQFHWKHGHJUDGDWLRQDQGELRDYDLODELOLW\RIFRQWDPLQDQWV
WKDWDFFXPXODWHLQDTXDWLFVHGLPHQWV
10-12 
by 
adsorption,  
bioaccum
ulation
14 
and 
biodegradation. 15-18 In turn, chem
icals that enter the environm
ent m
ight affect m
icrobial 
com
m
unity structure and function
14,19-22 and thereby cause effects at higher trophic 
levels.  H
ence, m
icrobial com
m
unities constitute an im
portant endpoint in sedim
ent 
TXDOLW\DVVHVVPHQW 26,27 since they are ecologically relevant, 28 m
ight affect environm
ental 
transform
ation of chem
icals
27 and are sensitive to chem
icals. 20 
(IIHFWVRIFRQWDPLQDQWVLQDTXDWLFVHGLPHQWVFDQEHDVVHVVHGE\VHGLPHQWWR[LFLW\
testing. 26 N
atural sedim
ents are highly com
plex and heterogeneous in tim
e and space. 
7KHUHIRUHDUWLÀFLDOVHGLPHQWVDUHRIWHQXVHGWRVWDQGDUGL]HWR[LFLW\WHVWSURFHGXUHVDQG
to allow
 for m
ore com
parable outcom
es. M
icrobial com
m
unities, how
ever, are poorly 
GHYHORSHGLQDUWLÀFLDOVHGLPHQWVFRPSDUHGWRQDWXUDOVHGLPHQWV  N
evertheless, the 
SUHVHQFHRIPLFURELDOFRPPXQLWLHVLQDUWLÀFLDOVHGLPHQWHYHQZKHQSRRUO\GHYHORSHG
VWLOOPLJKWGLUHFWO\RULQGLUHFWO\LQÁXHQFHWKHTXDOLW\RIVHGLPHQWDQGZDWHU  chem
ical 
behaviour, food availability, sym
bioses and other processes (F
igure S1). Such processes 
PD\DOUHDG\VWDUWGXULQJWKHVHGLPHQWHTXLOLEUDWLRQSHULRGZKLFKLVDFRPPRQVWDJHRI
sedim
ent preparation, follow
ing spiking. E
ventually, m
icrobes m
ay affect the outcom
e 
of standard tests w
ith higher organism
s. 29 For instance, the bioavailability of chlorpyrifos 
for C
hironom
us ripariusLQFUHDVHGZLWKWKHSUHVHQFHRIPLFUREHVDQGELRÀOPV 14 
Ideally, benthic invertebrate toxicity tests should be perform
ed w
ith single species, in 
RUGHUWRDYRLGLQWHUDFWLRQVWKDWPLJKWLQÁXHQFHWHVWRXWFRPHV+RZHYHULWLVGLIÀFXOW
to exclude m
icroorganism
s during an invertebrate test or during any sedim
ent test. 
A
bsence of m
icroorganism
s w
ould also m
ake such tests less ecologically relevant, 
since sedim
ent m
icrobial com
m
unities play an im
portant role in ecosystem
 functions. 1 
+HUHZHDUJXHWKDWEHFDXVHXQDYRLGDEOHPLFURRUJDQLVPVPLJKWLQÁXHQFHWHVWUHVXOWV
WKHUHLVDQHHGWRXQGHUVWDQGPLFURELDOFRPPXQLW\GHYHORSPHQWLQDUWLÀFLDOVHGLPHQWV
during sedim
ent tests. 29 M
oreover, toxicity tests using sedim
ent m
icroorganism
s often 
focus on evaluating effects on single species  or on global m
icrobial endpoints, such as 
m
icrobial com
m
unity density.  Such approaches m
ay fail to detect effects on m
icrobial 
com
m
unity com
position, structure and/or function. T
herefore, m
easurem
ents of 
C
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ecologically relevant endpoints associated w
ith benthic m
icrobial com
m
unities in 
standardised sedim
ent toxicity tests are also needed. 26
T
he aim
 of the present study w
as to assess the developm
ent of bacterial com
m
unities 
and selected genes involved in im
portant m
icrobially m
ediated ecosystem
 functions, 
GXULQJSUHHTXLOLEUDWLRQDQGH[SRVXUHVWDJHVRIDZKROHVHGLPHQWWHVW$GD\
bioaccum
ulation experim
ent w
as conducted w
ith four m
arine benthic invertebrates on 
DUWLÀFLDOVHGLPHQWVSLNHGZLWKVL[SRO\FKORULQDWHGELSKHQ\OV3&%VDQGFKORUS\ULIRV
(C
P
F
) 
at 
concentrations 
non-toxic 
for 
invertebrates.  
D
enaturing 
gradient 
gel 
HOHFWURSKRUHVLV'**(DQGS\URVHTXHQFLQJRI3&5DPSOLÀHGEDFWHULDO6
ribosom
al R
N
A
 (rR
N
A
) gene fragm
ents w
ere used to investigate bacterial com
m
unity 
VWUXFWXUHDQGFRPSRVLWLRQLQWKHDUWLÀFLDOVHGLPHQW%DFWHULDODEXQGDQFHZDVPHDVXUHG
E\TXDQWLWDWLYHSRO\PHUDVHFKDLQUHDFWLRQT3&5DVZHOODVDEXQGDQFHRIVHOHFWHGJHQHV
encoding enzym
es involved in im
portant m
icrobially m
ediated ecosystem
 functions, 
VXFKDVQLWURJHQÀ[DWLRQDPPRQLDR[LGDWLRQGHQLWULÀFDWLRQVXOSKDWHUHGXFWLRQDQG
degradation of organophosphate com
pounds like C
P
F. To our know
ledge, this is the 
ÀUVWVWXG\WRGHVFULEHEDFWHULDOFRPPXQLW\G\QDPLFVGXULQJDELRDFFXPXODWLRQWHVW
using a com
plem
entary set of state of the art m
olecular tools. 
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1EXIVMEPWERH1IXLSHW
7IHMQIRXFMSEGGYQYPEXMSRI\TIVMQIRX
Sedim
ent sam
ples for m
icrobial analyses w
ere taken during different phases in a 
bioaccum
ulation experim
ent, w
hich has been described before.  H
ere, a brief sum
m
ary 
is provided. V
isual representation of the experim
ent (F
igure S2) and details on m
ethods 
and chem
icals used are provided as supplem
entary inform
ation (SI). A
 28-day sedim
ent 
bioaccum
ulation test w
as perform
ed in a tem
perature-controlled room
 of 14 °C
 under 
average (standard deviation (SD
)) light conditions of 21 (2) lux w
ith a photoperiod 
of 16h light: 8h dark. Four m
arine benthic invertebrate species w
ere used: A
renicola 
m
arina (L
innaeus, 1758) (annelid; sub-surface deposit feeder), C
orophium
 volutator (Pallas, 
1766) (crustacean: detritus feeder), M
acom
a balthica (L
innaeus, 1758) (m
ollusc; facultative 
suspension feeder) and N
ereis virens6DUVSRO\FKDHWHRPQLYRUH7KHVHVSHFLHV
live buried in the sedim
ent. A
. m
arina, C
. volutator and M
. balthica w
ere collected from
 
WKHÀHOGDQGN
. virens w
as obtained from
 a professional bait farm
.  Four treatm
ents 
Q ZHUHXVHGHQFORVHGVLQJOHVSHFLHVDWQRPLQDOORZPHGLXPDQGKLJK
RUJDQLFPDWWHU20FRQWHQWDQG¶PL[HGVSHFLHV·DWPHGLXP20FRQWHQW,QWKH
¶PL[HGVSHFLHV·WUHDWPHQWDOOIRXUVSHFLHVZHUHWHVWHGWRJHWKHULQWKHVDPHDTXDULXP
/:+FP)RUWKHHQFORVHGVLQJOHVSHFLHVWUHDWPHQWVGLUHFWVSHFLHVLQWHUDFWLRQ
ZDVDYRLGHGE\LQWURGXFLQJIRXUHQFORVXUHVSHUDTXDULXPXVLQJÀQHPHVKJDX]H  
Standard 
sedim
ent 
w
as 
prepared 
according 
O
E
C
D
 
guideline 
218  
w
ith 
sm
all 
PRGLÀFDWLRQV3HDWFDOFLXPFDUERQDWHDQGQDWXUDOVHDZDWHUZHUHPL[HGWRREWDLQ
a hom
ogeneous slurry, w
hich w
as spiked w
ith P
C
B
s and C
P
F
 and thoroughly m
ixed 
ZLWKTXDUW]VDQGDQGNDROLQFOD\3HDWZDVDGGHGLQGLIIHUHQWTXDQWLWLHVWR
obtain the aforem
entioned low, m
edium
 and high O
M
 content treatm
ents.  Peat w
as 
dried (40 °C
) and ground before being used for sedim
ent preparation. A
fter grinding, 
three random
 sam
ples w
ere taken and kept at -20 ºC
 until further analyses. 
6HGLPHQWZDVVSLNHGZLWKVL[3&%FRQJHQHUVLHDQG&3)
P
C
B
s w
ere chosen as a representative of legacy com
pounds (P
O
P
s) and as relatively 
inert chem
icals w
ith a dose below
 toxicity thresholds for invertebrates and therefore 
an ideal tracer chem
ical for bioaccum
ulation. C
P
F
 w
as chosen as a representative of 
insecticides, w
hich are a contrasting chem
ical group (e.g. regarding their degradability 
and usage patterns) as com
pared to P
C
B
s.  T
he nom
inal concentration for sum
 P
C
B
s 
ZDVJNJGU\ZHLJKWDQGIRU&3)LWZDVJNJGU\ZHLJKW7KHWRWDOFKHPLFDO
concentration w
as the sam
e for all treatm
ents, how
ever, pore w
ater concentrations 
GLIIHUHGEHFDXVHRIWKHGLIIHUHQFHVLQ20FRQWHQW7RDOORZIRUSVHXGRHTXLOLEULXP
betw
een chem
icals and sedim
ent prior to the start of exposure, sedim
ent w
as agitated 
for 69 days on a roller bank in the dark at room
 tem
perature. C
ontrol sedim
ent received 
C
H
A
P
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the sam
e am
ount of solvent, i.e. acetone, as the treated sedim
ent.  Test chem
icals w
ere 
extracted from
 w
ater using E
m
pore disks and biota and sedim
ent sam
ples w
ere soxhlet 
extracted. T
he extracts w
ere analyzed by gas chrom
atography–m
ass spectrom
etry, 
follow
ing published procedures. 
8QÀOWHUHGQDWXUDOVHDZDWHUIURPWKH(DVWHUQ6FKHOGWWKH1HWKHUODQGVZDVXVHGDVSRUH
w
ater and overlying w
ater. T
he volum
e of overlying w
ater w
as approxim
ately 25 L
 and 
WKHZHWVHGLPHQWWRRYHUO\LQJZDWHUYROXPHUDWLRLQWKHDTXDULDZDVNHSWDWWRIRU
WKHHQFORVHGVLQJOHVSHFLHVWHVWDQGWRIRUWKHPL[HGVSHFLHVWHVW:DWHUÁRZZDV
possible through the gauze and w
as enhanced by aeration to ensure com
plete m
ixing 
of overlying w
ater. Invertebrates w
ere added 7 days after the sedim
ent w
ater system
 
w
as prepared to allow
 for better physical-chem
ical stability as has been recom
m
ended 
by V
errhiest et al. ,QHDFKDTXDULXPA
. m
arina, 70 C
. volutator, 25 M
. balthica and 10 
N
. virens individuals w
ere added in their respective enclosures. In the m
ixed species 
WUHDWPHQWWKHVDPHQXPEHUVRILQGLYLGXDOVSHUVSHFLHVZHUHSXWWRJHWKHULQDQDTXDULXP
w
ithout enclosures, to test effects of species-species interaction on bioaccum
ulation. 
,QYHUWHEUDWHVZHUHIHGZLWKVSLNHGJURXQGÀVKIRRG7HWUD0LQVXVSHQGHGLQGHLRQLVHG
ZDWHUWKUHHWLPHVSHUZHHNDIWHUWKHÀUVWZHHNRIWKHH[SHULPHQW 7KHZDWHUTXDOLW\
variables oxygen, tem
perature, salinity, conductivity and pH
 w
ere m
easured three tim
es 
a w
eek. A
m
m
onium
, nitrate, chlorophyll (cyanobacteria, green algae and diatom
s) and 
WXUELGLW\ZHUHPHDVXUHGZHHNO\LQDPL[HGVDPSOHFRQWDLQLQJDQHTXDOYROXPHRIZDWHU
from
 each enclosure.
7IHMQIRXGSPPIGXMSRJSVQMGVSFMEPEREP]WMW
6HGLPHQWVDPSOHVIRUPLFURELDODQDO\VHVZHUHWDNHQDWWKHVWDUWRIWKHSUHHTXLOLEUDWLRQRI
WKHVHGLPHQWW GD\VDWVWDUWW GDQGDWWKHHQGW GRIWKHELRDFFXPXODWLRQ
test (F
igure S2). N
ote that the duration of the bioaccum
ulation experim
ent w
as 28 days, 
starting after a stabilization period of 7 days. T
herefore, the end of the bioaccum
ulation 
H[SHULPHQWLVUHIHUUHGWRDVW G3UHHTXLOLEUDWLRQVDPSOHVZHUHWDNHQDIWHUDGGLQJWKH
sedim
ent com
pounds and m
ixing them
 thoroughly on a roller bank for 1 day (t=
-69 d) 
(F
igure S2). If m
ore than one container w
as used for sedim
ent preparation, subsam
ples 
from
 each container w
ere m
ixed and three random
 sam
ples w
ere taken. A
t the end of 
WKHSUHHTXLOLEUDWLRQSHULRGW GZKLFKZDVWKHVWDUWRIWKHH[SHULPHQWFRQWDLQHUV
w
ith the sam
e sedim
ent w
ere thoroughly m
ixed and three random
 sam
ples w
ere taken. 
$WWKHHQGRIWKHH[SHULPHQWW GLQYHUWHEUDWHWHVWVSHFLHVZHUHUHPRYHGVHGLPHQW
from
 each enclosure w
as m
ixed and a sam
ple w
as taken. For the treatm
ents w
ithout 
enclosure, the w
hole sedim
ent w
as m
ixed and a sam
ple taken, after rem
oval of the test 
species. Sam
ples w
ere stored at -20 °C
 until further analyses. In addition, sam
ples of 
control and spiked m
edium
 O
M
 sedim
ent w
ere taken during the sedim
ent preparation 
phase at t=
-69 d, t=
-62 d, t=
-55 d and t=
-41 d in a sim
ilar w
ay as described above.
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8SXEPEFYRHERGISJFEGXIVMEERHWIPIGXIHJYRGXMSREPKIRIW
Total D
N
A
 w
as isolated from
 all sedim
ent and peat sam
ples using the FastD
N
A
 Spin 
kit for soil (M
P
 B
iom
edicals) according to m
anufacturer’s protocol. Sedim
ent sam
ples 
RIDOO20FRQWHQWVFROOHFWHGGXULQJWKHSUHHTXLOLEUDWLRQSHULRGW GDQGWKHVWDUW
of the bioaccum
ulation experim
ent (t=
0 d) w
ere used for D
N
A
 isolation, yielding in 
total 18 sam
ples. H
ow
ever, for the sedim
ent sam
ples at the end of the bioaccum
ulation 
SHULRGW GRQO\ORZDQGPHGLXP20FRQWHQWVDPSOHVZHUHH[WUDFWHGJLYLQJULVHWR
LQWRWDOVDPSOHV$QDO\VLVRIDOOVDPSOHVZDVQRWIHDVLEOHWKHUHIRUHKLJK20FRQWHQW
sam
ples w
ere left out as less chem
ical effect on the bacterial com
m
unity w
as expected 
EHFDXVHRIORZHUELRDYDLODELOLW\T3&5ZDVXVHGWRGHWHUPLQHWKHDEXQGDQFHRIWRWDO
EDFWHULD6U51$JHQHQLWURJHQÀ[LQJEDFWHULDnifH
 gene), am
m
onia-oxidizing 
bacteria (am
oA
 gene), denitrifying bacteria (nosZ
 gene), sulphate-reducing bacteria (dsrA
 
gene) and bacteria capable of hydrolyzing organophosphate com
pounds (opd gene). 
)RUSHDWVDPSOHVRQO\WRWDOEDFWHULDODEXQGDQFHZDVTXDQWLÀHGT3&5UHDFWLRQVZHUH
SHUIRUPHGLQDZHOOSODWH%LR5DG9HHQGDDOWKH1HWKHUODQGVXVLQJD&);
R
eal-T
im
e P
C
R
 D
etection system
 (B
io-R
ad, V
eendaal, the N
etherlands). A
ll sam
ples 
w
ere analyzed in triplicate and reactions w
ere carried out in a total volum
e of 10 µL
. 
T3&5UHDFWLRQVWDUJHWLQJWRWDOEDFWHULDQLWURJHQÀ[LQJDQGDPPRQLDR[LGL]LQJEDFWHULD
w
ere perform
ed according to R
ico et al. $EXQGDQFHRIWKHGHQLWULÀFDWLRQJHQHnosZ
 
ZDVTXDQWLÀHGDFFRUGLQJWR9HUDDUWHWDO . A
bundance of the dsrAJHQHZDVTXDQWLÀHG
according to Foti et al. . A
bundance of the opd JHQHZDVTXDQWLÀHGXVLQJSULPHUV)
DQG5GHVFULEHGE\6LQJKHWDO )RUHDFKT3&5UHDFWLRQDVWDQGDUGFXUYHFRPSULVLQJ
10-fold serial dilutions of the target gene w
as included. Standards w
ere obtained by 
am
plifying the target genes from
 bacterial sources know
n to harbour one or m
ore genes 
RILQWHUHVW6SHFLÀFLW\RIWDUJHWJHQHIUDJPHQWDPSOLÀFDWLRQZDVFKHFNHGE\PHOWLQJ
FXUYHDQDO\VLVIRUHDFKT3&5UHDFWLRQ3ULPHUFRPELQDWLRQVDQGF\FOHFRQGLWLRQVDUH
described in T
able S1.
&EGXIVMEPGSQQYRMX]WXVYGXYVIERHGSQTSWMXMSR
,QWKHVDPHVHGLPHQWVDPSOHVXVHGIRUT3&5EDFWHULDOFRPPXQLW\FRPSRVLWLRQZDV
LQYHVWLJDWHGE\S\URVHTXHQFLQJ5RFKH'LDJQRVWLFV*HUPDQ\RIWKH6U51$
JHQH$PSOLFRQVZHUHJHQHUDWHGE\3&5DPSOLÀFDWLRQRIWKH9DQG9UHJLRQV
RIWKH6U51$JHQH7DEOH6DQGVHTXHQFHGXVLQJDQ)/;JHQRPHVHTXHQFHU
in 
com
bination 
w
ith 
titanium
 
chem
istry 
(G
A
T
C
-B
iotech, 
C
onstance, 
G
erm
any). 
3UHSDUDWLRQRIVHGLPHQWVDPSOHVIRUVHTXHQFLQJZDVGRQHDFFRUGLQJWR'LPLWURYHW
al. . B
acterial com
m
unity structure of m
edium
 O
M
 sedim
ent sam
ples taken during pre-
HTXLOLEUDWLRQSHULRGRIWKHFRQWURODQGVSLNHGVHGLPHQWVZHUHIXUWKHUPRUHDQDO\]HG
E\'**(ÀQJHUSULQWLQJRI3&5DPSOLFRQV7RWDO'1$H[WUDFWLRQ3&5UHDFWLRQVDQG
D
G
G
E
 w
ere perform
ed according to L
in et al. 40. 
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(EXEEREP]WIW
5DZS\URVHTXHQFLQJGDWDZHUHSURFHVVHGDQGVRUWHGXVLQJGHIDXOWSDUDPHWHUVLQ
the Q
uantitative Insights Into M
icrobial E
cology pipeline (Q
IIM
E
) version 1.7.0
41, 
according to D
im
itrov et al. . P
rincipal C
oordinates A
nalyses (P
C
oA
) w
ere perform
ed 
using un-w
eighted and w
eighted U
niFrac distances. U
nifrac is a m
ethod of calculating 
distance 
betw
een 
m
icrobial 
com
m
unities 
taking 
into 
consideration 
phylogenetic 
inform
ation, 
w
here 
only 
presence/absence 
(un-w
eighted) 
or 
relative 
abundance 
(w
eighted) of operational taxonom
ic units (O
T
U
s) can be taken into account. P
C
oA
 
plots w
ere used to visualize sim
ilarities or dissim
ilarities am
ong sam
ples taken at start 
W GDQGHQGW GRIWKHSUHHTXLOLEUDWLRQSHULRGDVZHOODVDWWKHHQGRI
WKHDFWXDOELRDFFXPXODWLRQWHVWW G6WDWLVWLFDOGLIIHUHQFHVEHWZHHQVDPSOHVWDNHQ
at different sam
pling tim
es w
ere tested using analysis of sim
ilarity (A
N
O
SIM
) by 
SHUPXWDWLRQZLWKUHSOLFDWHVDVLPSOHPHQWHGLQ4,,0(278VZHUHGHÀQHGDW
DVHTXHQFHLGHQWLW\WKUHVKROG,QRUGHUWRDYRLGELDVLQWURGXFHGE\VHTXHQFLQJ
GHSWKDOOVDPSOHVZHUHUDUHÀHGWRDQHTXDOQXPEHURIVHTXHQFHVUHDGV
'**(EDQGGHWHFWLRQDQGTXDQWLÀFDWLRQRIEDQGLQWHQVLW\ZHUHSHUIRUPHGXVLQJ
B
ionum
erics softw
are version 4.61 (A
pplied M
aths, Sint-M
artens-L
atem
, B
elgium
). 
M
ultidim
ensional 
Scaling 
(M
D
S) 
w
as 
perform
ed 
in 
order 
to 
com
pare 
bacterial 
FRPPXQLWLHVSUHVHQWLQVHGLPHQWVDPSOHVWDNHQIURPWKHSUHHTXLOLEUDWLRQSKDVH
w
hich had been analyzed by D
G
G
E
. M
D
S analysis w
as perform
ed using B
ionum
erics 
softw
are version 4.61.
B
acterial 16S rR
N
A
, nifH
, am
oA
, nosZ
, dsrA
 and opd gene abundance data and Shannon 
diversity index (16S rR
N
A
 gene) w
ere checked for norm
ality w
ith Q
-Q
 plots and 
6KDSLUR:LONWHVWVDQGIRUHTXDOLW\RIYDULDQFHVZLWK/HYHQH·VWHVW/RJWUDQVIRUPDWLRQ
w
as used for data that w
ere not norm
ally distributed, how
ever, in case data w
ere still not 
norm
ally distributed the non-param
etric K
ruskal-W
allis test w
ith pairw
ise com
parison 
w
as used. D
ata for w
hich assum
ptions w
ere m
et w
ere tested either w
ith a t-test or w
ith 
DWZRZD\$129$IDFWRUV20RUWLPHRUVSHFLHVZLWKDVLJQLÀFDQFHOHYHOĮ=
0.05 
XVLQJ6366YHUVLRQ7KHOHDVWVLJQLÀFDQWGLIIHUHQFH/6'ZDVXVHGDVDSRVWKRF
test for m
ain effects. W
hen an interaction effect w
as detected w
ith tw
o-w
ay A
N
O
V
A
, 
an L
SD
 test adjusted for m
ultiple pairw
ise com
parisons w
as used to detect differences.
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6IWYPXWERHHMWGYWWMSR
'LIQMGEPI\TSWYVIWYVZMZEPSJFIRXLMGMRZIVXIFVEXIWTIGMIWERH[EXIV
UYEPMX]
R
esults of the bioaccum
ulation experim
ent have been described before.  In brief, 
because of the experim
ental design, concentrations in the sedim
ent w
ere sim
ilar for 
treatm
ents and stayed relatively constant during the experim
ent for P
C
B
s. P
C
B
s are 
chem
ically and biologically stable and can persist in sedim
ents and soils for years.  
In contrast, at the end of the experim
ent, the concentration of C
P
F
 w
as below
 the 
detection lim
it in all treatm
ents, w
hich m
ight be explained by biologically-m
ediated and 
surface-catalysed hydrolysis, oxidation, photolysis and volatilization.  A
 previously 
reported halve-life tim
e (D
T
50 IRU&3)LQZDWHUVHGLPHQWV\VWHPVZDVGD\V 46 
6XUYLYDORILQYHUWHEUDWHVUDQJHGIURPIRUC
. volutator WRDQGKLJKHUIRUA
. 
m
arina, M
. balthica and N
. virens in all treatm
ents. Survival for A
. m
arina in the m
ixed 
VSHFLHVZDVSUREDEO\GXHWRSUHGDWLRQE\N
. virens. $JRRGZDWHUTXDOLW\ZDV
m
aintained during the test, and variation of tem
perature, pH
, D
O
 and conductivity 
DPRQJHQFORVXUHVZDVORZ7DEOH66
+IRIEFYRHERGIHYVMRKTVIIUYMPMFVEXMSRTLEWIERHFMSEGGYQYPEXMSRXIWX
$VHOHFWLRQRIJHQHVZDVXVHGWRTXDQWLI\RYHUDOOEDFWHULDODEXQGDQFHDVZHOODVWRWDUJHW
im
portant ecosystem
 functions m
ediated by m
icroorganism
s in sedim
ents. T
his enabled 
us to address to w
hat extent presence and abundance of such genes are affected by the 
YDULRXVVWHSVGXULQJDUWLÀFLDOVHGLPHQWSUHHTXLOLEUDWLRQDQGELRDFFXPXODWLRQWHVWLQJ
by varying O
M
 content and by presence of benthic invertebrates.
+IRIVEPTEXXIVRW
O
verall, abundance of all genes targeted here w
as low
 or below
 detection lim
it (highest 
IROGVHULDOGLOXWLRQRIWKHT3&5FRQWUROZKHUHDPSOLÀFDWLRQZDVREVHUYHGDWWKH
VWDUWW GDQGHQGW GRIWKHSUHHTXLOLEUDWLRQSHULRGDQGLQFUHDVHGGXULQJWKH
SUHHTXLOLEUDWLRQDQGELRDFFXPXODWLRQSHULRGRIWKHH[SHULPHQWHVSHFLDOO\IRUPHGLXP
20)LJXUH667DEOH67KHWRWDOEDFWHULDODEXQGDQFHDVPHDVXUHGE\6
U51$JHQHWDUJHWHGT3&5UDQJHGEHWZHHQê
6WRê
8 copies/g w
et sedim
ent 
for all treatm
ents and tim
e points (T
able S5), w
hich lies in the low
er range found for 
natural m
arine sedim
ent (2x10
7WR[
9 copies/g w
et sedim
ent, calculated assum
ing 
6U51$JHQHFRSLHVSHUFHOODQGDQDYHUDJHPDULQHVHGLPHQWGHQVLW\
47 of 1.7 g/
cm
). 44,45,48,49$EXQGDQFHVRIIXQFWLRQDOJHQHVLQWKHDUWLÀFLDOVHGLPHQWZHUHXSWRVHYHQ
orders of m
agnitude low
er than those found in natural m
arine sedim
ent (T
able S6).  
7KHVHÀQGLQJVFRUUHVSRQGZLWKWKHFRQFOXVLRQRI*RHGNRRSHWDO 29 and V
errhiest et al.  
WKDWDUWLÀFLDOVHGLPHQWLVDSRRUUHSODFHPHQWIRUQDWXUDOVHGLPHQW+RZHYHULILPSDFWV
RIPLFUREHVRQWHVWUHVXOWVZHUHWREHPLQLPL]HGWKHQDUWLÀFLDOVHGLPHQWVZRXOGEH
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a better choice, even though the ecological relevance decreases. B
acterial com
m
unities 
LQDUWLÀFLDOVHGLPHQWRULJLQDWHPDLQO\IURPWKHVHGLPHQWFRPSRQHQWVDQGDQ\RWKHU
bacterial source during preparation (e.g. bacteria present in the air) and therefore m
ight 
differ from
 a natural sedim
ent bacterial com
m
unity. 29 A
fter grinding, the total bacterial 
abundance in peat w
as higher than the bacterial abundance in the sedim
ent at start of 
WKHSUHHTXLOLEUDWLRQSHULRGW G7DEOH6&RQVHTXHQWO\LWFDQEHDVVXPHGWKDW
peat w
as the m
ain bacterial source. T
he seaw
ater that w
as used to prepare the sedim
ent 
m
ight have been another m
ain source, how
ever, bacterial abundance in the seaw
ater w
as 
not m
easured. 
$WWKHVWDUWDQGHQGRIWKHSUHHTXLOLEUDWLRQSHULRGW GDQGW GnosZ
 w
as 
RQO\GHWHFWHGLQVRPHFDVHV)LJXUH6'6'ZKHUHDVdsrA
 and opd abundances 
ZHUHDOOEHORZWKHGHWHFWLRQOLPLW$WWKHHQGRIWKHELRDFFXPXODWLRQSHULRGW 
d), how
ever, these genes w
ere detected, w
ith highest values found for nosZ
 and dsrA
 
(T
able S5). T
his suggests that during the testing phase bacterial grow
th m
ight be 
stim
ulated by changing conditions during the experim
ental period, such as increased 
concentrations of nutrients in general, as w
ell as specialized feeding of bacteria on 
the spiked chem
ical e.g. bacteria capable of hydrolyzing organophosphate com
pounds 
(opd gene). Studies conducted in soils have dem
onstrated the im
portance of m
icrobial 
DFWLYLW\IRUWKHGHJUDGDWLRQRI&3)ZKHUHGHJUDGDWLRQKDOIOLYHVZHUHVLJQLÀFDQWO\
longer in sterile soil (abiotic degradation) com
pared to natural soils (abiotic and biotic 
degradation).  M
oreover, D
T
50 IRUDTXDWLFSKRWRO\VLVGD\VDQGK\GURO\VLV
(25.5 days) are m
uch longer than the total D
T
50 LQWKHDTXDWLFSKDVHGD\V 46 indicating 
that biodegradation dom
inates degradation in sedim
ents. 44&RQVHTXHQWO\LWLVSODXVLEOH
that the disappearance of the organophosphate C
P
F
 during the bioaccum
ulation 
test can be explained by an increased abundance of bacteria capable of hydrolyzing 
RUJDQRSKRVSKDWHFRPSRXQGVDVTXDQWLÀHGE\opdJHQHWDUJHWHGT3&53UHYLRXVO\D
sim
ilar relationship betw
een functional gene abundances and chem
ical degradation has 
been show
n e.g. for chloroethenes and hexachlorobenzene, 56-58 w
hich further supports 
the plausibility of this explanation.
A
dditionally, 
bacteria 
can 
be 
introduced 
either 
w
ith 
the 
added 
invertebrate 
test 
species
55,56 and/or by experim
ental procedures and environm
ental surrounding (e.g. air). 
0RUHRYHUELRWXUEDWLRQE\LQYHUWHEUDWHVPD\SRVLWLYHO\LQÁXHQFHEDFWHULDODEXQGDQFH
and diversity. 6-8 For exam
ple, D
ollhopf et al.  show
ed that bioturbation delivered 
R[\JHQWRVHGLPHQWPLFURRUJDQLVPVHQKDQFLQJFRXSOHGQLWULÀFDWLRQGHQLWULÀFDWLRQLQ
VDOWPDUVKVHGLPHQWFRQVHTXHQWO\LQFUHDVLQJWKHDEXQGDQFHRIJHQHVUHODWHGWRVXFK
processes.
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*MKYVI+IRIEFYRHERGIWGSTMIWKVEQ[IXWIHMQIRXJSVXSXEPFEGXIVMEP7V62%KIRI%
ERHRMJ,&EXXLIWXEVXSJXLITVIIUYMPMFVEXMSRTIVMSHX!HR!EXXLIIRHSJXLITVI
IUYMPMFVEXMSRTIVMSHWXEVXSJI\TIVMQIRXX!HR!ERHEXXLIIRHSJXLIFMSEGGYQYPEXMSR
I\TIVMQIRXX!HR!JSVPS[[LMXIQIHMYQPMKLXKVI]LMKLQIHMYQKVI]ERH
QIHMYQQM\IHWTIGMIWHEVOKVI]SVKERMGQEXXIVGSRXIRX2SXIHMƇIVIRXWGEPIWSR]E\IW
*SVERSZIVZMI[SJXLITVIIUYMPMFVEXMSRTIVMSHSRP]GLIGO*MKYVI7
)ƇIGXSJXMQI31ERHWTIGMIW
$WWKHVWDUWRIWKHSUHHTXLOLEUDWLRQSHULRGW GQRGLIIHUHQFHZDVIRXQGIRUWRWDO
bacteria, nifH
 and am
oA
 abundance betw
een the O
M
 treatm
ents except for nifH
 at low
 
20$WWKHHQGRIWKHSUHHTXLOLEUDWLRQSHULRGW GKRZHYHUWKHDEXQGDQFHRIDOO
detected genes w
as higher in the m
edium
 O
M
 than in the low
 and high O
M
 treatm
ent 
)LJXUH667DEOH6%DVHGRQWKHORZHUSRUHZDWHUFRQFHQWUDWLRQVRI3&%VDQG
C
P
F
 and the higher nutrient availability at high O
M
, the highest bacterial abundance 
w
ould be expected at high O
M
 instead of m
edium
 O
M
. 
7RWDOEDFWHULDODEXQGDQFHGLIIHUHGVLJQLÀFDQWO\EHWZHHQVWDUWW GDQGHQGW 
d) of the bioaccum
ulation test for both low
 and m
edium
 O
M
, w
hereas nosZ
 and dsrA
 
abundances w
ere different betw
een start and end for m
edium
 O
M
 only (independent 
WWHVWWZRWDLOHGS7DEOH66)LJXUH$6'6()RUam
oAQRVLJQLÀFDQW
differences could be found in neither of the O
M
 treatm
ents, despite the high num
erical 
LQFUHDVHLQDEXQGDQFH)LJXUH6&7DEOH66)RUnosZ
 and dsrA
 for low
 O
M
 and 
opd for low
 and m
edium
 O
M
 treatm
ents, no statistical tests w
ere perform
ed as values at 
t=
0 d w
ere below
 detection lim
it. H
ow
ever, a sim
ilar num
erical increase in abundance 
occurred as observed also for am
oA)LJXUH6'6(6)7DEOH67KHJHQHnifH
 did 
QHLWKHUVKRZHGVLJQLÀFDQWGLIIHUHQFHVQRUDQXPHULFDOLQFUHDVHLQDEXQGDQFHEHWZHHQ
start and end of the bioaccum
ulation test (F
igure 1B, T
able S7). 
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$WWKHHQGRIWKHELRDFFXPXODWLRQSHULRGW GDEXQGDQFHIRUDOPRVWDOOWDUJHWHG
genes w
as low
er for A
. m
arina and C
. volutator com
pared to treatm
ents w
ith N
. virens 
and M
. balthica)LJXUH61RVLJQLÀFDQWLQWHUDFWLRQZDVGHWHFWHGEHWZHHQWKH20
content and invertebrate species on total bacterial abundance, neither on any of the 
targeted functional genes in the sedim
ent (2-w
ay A
N
O
V
A
, p>
0.05, T
able S8). T
here 
ZDVKRZHYHUDVLJQLÀFDQWPDLQHIIHFWRI20FRQWHQWRQWKHWRWDOEDFWHULDOnifH
 and 
dsrADEXQGDQFHLQWKHVHGLPHQWDWW G7DEOH6SZKHUHORZ20FRQWHQW
had low
er abundance than m
edium
 O
M
. 
0RUHRYHUDVLJQLÀFDQWPDLQHIIHFWSRIEHQWKLFLQYHUWHEUDWHVSHFLHVRQam
oA
 
(F
igure S5C
) and nosZ
 (F
igure S5D
) in the sedim
ent w
as detected. G
ene abundances 
in sedim
ents w
ith A
. m
arina and C
. volutator w
ere m
ore sim
ilar to each other than 
those observed in sedim
ents w
ith M
. balthica and N
. virens. T
he highest difference w
as 
observed betw
een A
. m
arina w
ith low
 abundance and M
. balthica w
ith high abundance. 
A
s m
entioned before, bioturbation can stim
ulate bacterial grow
th, thus leading to 
increased bacterial abundance. A
. m
arina and C
. volutator share the sam
e bioturbation 
m
echanism
: creating and irrigating U
-shaped tubes in the w
hole sedim
ent or in the 
top 2 cm
 of the sedim
ent. 59 In contrast, N
. virens creates and irrigates burrow
 galleries 
in the w
hole sedim
ent, 59 w
hereas M
. balthicaEXUURZVLWVHOILQWKHÀUVWFPRIWKH
sedim
ent and is a biodiffuser. 60 T
he type of bioturbation determ
ines the m
agnitude of 
the effect 59,60 and explains that species w
ith m
ore sim
ilar bioturbation strategies show
 
DJUHDWHUVLPLODULW\LQEDFWHULDODEXQGDQFH+RZHYHUIRUVSHFLÀFIXQFWLRQDOSURFHVVHV
this m
ight be different. For exam
ple, C
. volutator and M
. balthicaLQFUHDVHWKHÁX[RI
nitrate from
 sedim
ent to the overlying w
ater, w
hereas A
. m
arina and N
. virens increase 
WKHQLWUDWHÁX[IURPRYHUO\LQJZDWHUWRVHGLPHQW 8,60 A
ll species have been reported to 
LQFUHDVHWKHÁX[RIDPPRQLXPIURPWKHVHGLPHQWWRRYHUO\LQJZDWHU 60 D
ifferences in 
ÁX[HVZHUHH[SODLQHGZLWKWKHGHSWKGLVWULEXWLRQRIQXWULHQWVLQSRUHZDWHULUULJDWLRQ
activity and m
icrobial activity in faecal pellets. 8,60
$WWKHHQGRIWKHUROOLQJSHULRGW WKHPHGLXP20WUHDWPHQWVKRZHGQRVLJQLÀFDQW
difference in abundance betw
een the enclosed single species and m
ixed species treatm
ent, 
for any of the genes (independent t-test, p>
0.05, T
able S9). In m
ixed species system
s, 
it can be expected that the bioturbation activities of the species w
ith the highest im
pact 
w
ill dom
inate the effects of the other bioturbating species, rendering them
 less visible. 59 
In sum
m
ary, our results show
 that variables during a sedim
ent test, such as O
M
 content, 
tim
e and added invertebrate species, affected functional endpoints, such as the abundance 
RIQLWURJHQÀ[LQJEDFWHULDDPPRQLDR[LGL]LQJEDFWHULDGHQLWULI\LQJEDFWHULDVXOSKDWH
reducing bacteria and bacteria capable of hydrolyzing organophosphate com
pounds. 
A
dditional tests w
ill be needed to determ
ine w
hether the effects found here w
ith respect 
WRHIIHFWVRQPLFURELDOFRPSRVLWLRQDQGJHQHUDODQGSROOXWDQWVSHFLÀFIXQFWLRQVFDQEH
generalized to other chem
icals.
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*MKYVI8SXEPFEGXIVMEPEFYRHERGIGSTMIWKVEQ[IXWIHMQIRXEXXLIIRHSJXLI
FMSEGGYQYPEXMSRI\TIVMQIRXX!HR!EXPS[ERHQIHMYQSVKERMGQEXXIVGSRXIRXJSV
%VIRMGSPEQEVMRE[LMXI2IVIMWZMVIRWPMKLXKVI]1EGSQEFEPXLMGEQIHMYQKVI]ERH
'SVSTLMYQZSPYXEXSVHEVOKVI]0MRIWMRHMGEXIRSWMKRMƈGERXHMƇIVIRGIMREFYRHERGI
FIX[IIRWTIGMIW[MXLMREXVIEXQIRX7QEPPPIXXIVWMRHMGEXIWMKRMƈGERXHMƇIVIRGIWMR
EFYRHERGIFIX[IIRXVIEXQIRXWĮ!HIXIVQMRIHF]X[S[E]%23:%
&EGXIVMEPGSQQYRMX]GSQTSWMXMSRHYVMRKTVIIUYMPMFVEXMSRERH
FMSEGGYQYPEXMSRWXEKIWSJXLIXIWX
'XULQJWKHSUHHTXLOLEUDWLRQSHULRGFRQWURODQGVSLNHGVHGLPHQWZLWKPHGLXP20
FRQWHQWVKRZHGDVLPLODUEDFWHULDOFRPPXQLW\VWUXFWXUHEDVHGRQ'**(SURÀOHV
(F
igure S6). C
ontrol and spiked sedim
ent differed m
ost at the beginning of the pre-
HTXLOLEUDWLRQSHULRGW GEHFRPLQJPRUHVLPLODUDWWKHHQGRIWKHSUHHTXLOLEUDWLRQ
period (F
igure S6). H
ow
ever, it seem
s unlikely that P
C
B
s spiked into the sedim
ent could 
DOWHUWKHVHGLPHQWEDFWHULDOFRPPXQLW\VRTXLFNO\WKDWLVLQVXFKDZD\WKDWWKHEDFWHULDO
com
m
unities in the control and spiked sedim
ent w
ould differ already after a single day of 
m
ixing. P
revious w
ork show
ed effects of P
C
B
s on structure, com
position and function 
of m
icrobial com
m
unities in sedim
ent and soil, how
ever, after a m
uch longer tim
e (1-8 
m
onths). 61,62 T
herefore, differences betw
een control and spiked sedim
ent at the start of 
WKHSUHHTXLOLEUDWLRQSHULRGPLJKWUHÁHFWLQVXIÀFLHQWPL[LQJRIWKHVHGLPHQWDIWHUDOO
com
ponents had been m
ixed for one day. B
acterial com
m
unity appeared to develop in 
a sim
ilar w
ay over tim
e in spiked and control sedim
ent, w
ith com
m
unity structure of 
both treatm
ents being very sim
ilar at the last tw
o sam
pling dates. N
o m
ajor difference 
ZDVREVHUYHGEHWZHHQFRQWURODQGVSLNHGVHGLPHQWGXULQJWKHSUHHTXLOLEUDWLRQSKDVH
(F
igure S6).
6DPSOHVRI3&%VDQG&3)VSLNHGVHGLPHQWIURPWKHSUHHTXLOLEUDWLRQSHULRGDQGWKH
bioaccum
ulation experim
ent, containing low, m
edium
 and high concentrations of O
M
, 
ZHUHVXEVHTXHQWO\DQDO\]HGE\S\URVHTXHQFLQJWRREWDLQDPRUHGHWDLOHGYLHZRQ
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potential changes in m
icrobial com
m
unity structure than is possible by D
G
G
E
 analysis. 
$WRWDORI6U51$JHQHVHTXHQFHVZLWKDQDFFHSWDEOHTXDOLW\ZHUHREWDLQHG
ZLWKDQDYHUDJHRIUHDGVSHUVDPSOHEHLQJUHDGVWKHORZHVWDQGUHDGV
WKHKLJKHVWQXPEHUDYHUDJHUHDGOHQJWK EDVHSDLUV%DVHGRQVHTXHQFH
VLPLODULW\DVWKUHVKROGDWRWDORI278VZDVIRXQG
6HTXHQFLQJDQDO\VLVUHYHDOHGWKDWP
roteobacteria w
as the m
ajor bacterial phylum
 present 
LQWKHVHGLPHQWVDPSOHV)LJXUH7DEOH66$WWKHVWDUWRIWKHSUHHTXLOLEUDWLRQ
period (t=
-69 d), sedim
ent containing low
 and m
edium
 O
M
 content show
ed a sim
ilar 
relative abundance of P
roteobacteria, w
hich w
as higher than that in high O
M
 sedim
ent. 
Sim
ilar relative abundance w
as also observed for the phyla A
cidobacteria and A
ctinobacteria, 
how
ever, sedim
ent w
ith high O
M
 content presented a higher relative abundance of 
these groups. T
he phylum
 B
acteroidetes w
as present at higher relative abundance in low
 
O
M
 content sedim
ent, w
hereas F
irm
icutes w
ere observed only in the high O
M
 content 
VHGLPHQW)LJXUH7DEOH6'HVSLWHWKHIDFWWKDWSHDWVDPSOHVZHUHQRWLQFOXGHGLQ
WKHVHTXHQFHEDVHGDQDO\VLVWKHEDFWHULDOSURÀOHVREWDLQHGIURPVHGLPHQWVDPSOHVDW
WKHEHJLQQLQJRIWKHSUHHTXLOLEUDWLRQSHULRGW GJLYHDQLQGLFDWLRQRIWKHUHODWLYH
abundance of different bacterial phyla in peat. For exam
ple, the fact that F
irm
icutes w
ere 
observed only in sedim
ent w
ith high O
M
 content suggests that this bacterial phylum
 
represents only a m
inor com
ponent in the peat-associated m
icrobial com
m
unity. 
0RUHRYHUYDU\LQJWKH20FRQWHQWZDVHQRXJKWRSURGXFHDUWLÀFLDOVHGLPHQWZLWK
VLJQLÀFDQWO\GLIIHUHQWEDFWHULDOFRPPXQLW\FRPSRVLWLRQVDVZDVGHPRQVWUDWHGE\
A
N
O
SIM
 (un-w
eighted U
niFrac R
=
0.85, p=ZHLJKWHG8QL)UDF5 p=
0.001). 
$WWKHHQGRIWKHSUHHTXLOLEUDWLRQSHULRGW GWKHUHODWLYHDEXQGDQFHRIP
roteobacteria 
w
as sim
ilar to the initial level observed for sedim
ent sam
ples w
ith low
 and m
edium
 
O
M
 content, w
hereas the sedim
ent w
ith high O
M
 content show
ed a higher relative 
abundance com
pared to its initial value. A
cidobacteria, A
ctinobacteria, W
P
S-2, P
lanctom
ycetes 
and F
irm
icutesGHFUHDVHGLQUHODWLYHDEXQGDQFHDWWKHHQGRIWKHSUHHTXLOLEUDWLRQSHULRG
w
hereas B
acteroidetesLQFUHDVHGFRQVLGHUDEO\LQDOOVHGLPHQWVDPSOHV)LJXUH7DEOH
6$WWKHHQGRIWKHSUHHTXLOLEUDWLRQSHULRGW GEDFWHULDOFRPPXQLWLHVLQDOO
VHGLPHQWVDPSOHVZHUHPRUHVLPLODUWKDQDWWKHEHJLQQLQJRIWKHSUHHTXLOLEUDWLRQ
SHULRGDVLQGLFDWHGE\$126,0XQZHLJKWHG8QL)UDF5 p=
0.005; w
eighted 
U
niFrac R
=
0.16, p>ZKLFKFRQÀUPVWKHUHVXOWVRIWKH'**(DQDO\VLV2EVHUYHG
richness (i.e. num
ber of O
T
U
s) as w
ell as diversity, as indicated by the Shannon index 
(F
igure S7), w
ere consistently higher for sedim
ent sam
ples at the beginning of the pre-
HTXLOLEUDWLRQSHULRGW GFRPSDUHGWRWKRVHDWWKHHQGRISUHHTXLOLEUDWLRQW 
G)RUORZ20FRQWHQWKRZHYHUWKH6KDQQRQLQGH[LQFUHDVHGVLJQLÀFDQWO\GXULQJWKH
bioaccum
ulation test w
hereas for m
edium
 O
M
 the diversity w
as sim
ilar betw
een t=
0 
GDQGW G)LJXUH67DEOH6$WWKHHQGRIWKHELRDFFXPXODWLRQWHVWW G
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there w
ere no differences in bacterial diversity betw
een the test species but there w
as 
DVLJQLÀFDQWGLIIHUHQFHEHWZHHQORZDQGPHGLXP20FRQWHQW)LJXUH67DEOH6
$WWKHHQGRIWKHELRDFFXPXODWLRQWHVWW GP
roteobacteria w
as still the m
ost abundant 
SK\OXPSUHVHQWLQWKHVHGLPHQWVDPSOHV)LJXUH7DEOH6B
acteroidetes’ relative 
abundance increased in all sedim
ent sam
ples collected at the end of the bioaccum
ulation 
WHVWW GFRPSDUHGWRUHODWLYHDEXQGDQFHYDOXHVDWWKHEHJLQQLQJW GDQGHQG
RIWKHSUHHTXLOLEUDWLRQSHULRGW G9DOXHVZHUHFRQVLVWHQWO\KLJKHULQVHGLPHQW
VDPSOHVFRQWDLQLQJPHGLXP20FRQWHQWFRPSDUHGWRORZ20FRQWHQW)LJXUH
T
able S10, S11). T
he relative abundance of F
irm
icutes had also increased by the end of 
WKHELRDFFXPXODWLRQWHVWW GA
cidobacteria and A
ctinobacteria relative abundances at 
WKHHQGRIWKHELRFFXPXODWLRQWHVWW GZHUHVLPLODUWRYDOXHVREVHUYHGDWWKHHQG
RISUHHTXLOLEUDWLRQSHULRGW GORZDQGPHGLXP20FRQWHQW)LJXUH7DEOH
S10, S11). B
acterial com
m
unity com
position of all sam
pling points w
as com
pared 
using P
C
oA
 analysis and un-w
eighted and w
eighted U
niFrac distances (F
igure 4), w
hich 
show
ed grouping of sam
ples according to tim
e rather than to O
M
 content, especially 
for un-w
eighted U
niFrac (A
N
O
SIM
, un-w
eighted U
niFrac R
=
0.81, p=
0.001; w
eighted 
U
niFrac R
=
0.74, p=
0.001). H
ow
ever, w
hen only com
paring sam
ples taken at the end 
RIWKHELRDFFXPXODWLRQWHVWW GDFOHDUVHSDUDWLRQEHWZHHQVHGLPHQWFRQWDLQLQJ
low
 and m
edium
 O
M
 content w
as observed, indicating that O
M
 content had a direct 
LQÁXHQFHRQEDFWHULDOFRPPXQLW\FRPSRVLWLRQRULQGLUHFWO\YLDFKHPLFDOFRQFHQWUDWLRQV
in the pore w
ater, w
hich in turn depend on O
M
 content (F
igure 4) (A
N
O
SIM
, un-
ZHLJKWHG8QL)UDF5 
p=ZHLJKWHG8QL)UDF5 
p=
0.007). 
P
C
oA
 
DQDO\VLVDOVRVKRZHGWKDW20FRQWHQWKDGDKLJKHULQÁXHQFHRQEDFWHULDOFRPPXQLW\
com
position than invertebrate species, especially for w
eighted U
niFrac (F
igure 4). 
'LYHUVLW\GHFUHDVHGGXULQJWKHSUHHTXLOLEUDWLRQSHULRGDQGLQFUHDVHGGXULQJWKH
bioaccum
ulation test, reaching sim
ilar diversity values observed at the beginning of the 
SUHHTXLOLEUDWLRQSHULRGW G7KHREVHUYHGEDFWHULDOULFKQHVVVKRZHGWKHVDPH
pattern (F
igure S7).
E
stablishing a direct link betw
een bacterial com
m
unity com
position observed in the 
VHGLPHQWVDPSOHVDQGUHVXOWVRIWKHT3&5VDVVD\VLVGLIÀFXOW,PSRUWDQWPLFURELDOO\
m
ediated ecosystem
 functions, including those targeted here, are often perform
ed by 
DZLGHUDQJHRIPLFURRUJDQLVPV6XFKIXQFWLRQDOUHGXQGDQF\PD\DOVREHUHÁHFWHGDW
WKH'1$OHYHOPHDQLQJWKDWIXQFWLRQDOJHQHVIUHTXHQWO\GRQRWSUHVHQWDFRPSOHWHO\
FRQVHUYHG'1$VHTXHQFHDFURVVGLIIHUHQWRUJDQLVPV)XUWKHUPRUHQH[WJHQHUDWLRQ
VHTXHQFLQJUHVXOWVRIWHQGRQRWSURYLGHWKHQHFHVVDU\WD[RQRPLFDOGHSWKIRUDGHWDLOHG
FODVVLÀFDWLRQRIREVHUYHG278V$QDWWHPSWWRSUHGLFWIXQFWLRQDOFRPSRVLWLRQEDVHG
RQWKH6U51$JHQHLQIRUPDWLRQREWDLQHGE\VHTXHQFLQJZDVGRQHXVLQJWKHVRIWZDUH
P
IC
R
U
St. +RZHYHUTXDOLW\FRQWURORI3,&586WSUHGLFWLRQVLQGLFDWHGWKDWUHVXOWVZHUH
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QRWWUXVWZRUWK\IRUWKHGDWDVHWGHVFULEHGKHUHGXHWRLQVXIÀFLHQWFRYHUDJHRIDQQRWDWHG
genom
es related to organism
s found in this study in the underlying database. T
herefore, 
LQRUGHUWRDFTXLUHGHWDLOHGPROHFXODULQIRUPDWLRQDERXWHFRV\VWHPIXQFWLRQVDVVRFLDWHG
w
ith a certain sedim
ent sam
ple, either a m
etagenom
ics or m
etatranscriptom
ics study 
ZRXOGEHUHTXLUHGDVWKHVHSURYLGHGLUHFWVHTXHQFHLQIRUPDWLRQZLWKUHVSHFWWRD
PLFURELDOFRPPXQLW\·VIXQFWLRQDOFDSDFLW\DQGDFWXDODFWLYLW\DVUHÁHFWHGLQDFWLYHO\
expressed genes. 64-67 
*MKYVI6IPEXMZIEFYRHERGISJFEGXIVMEPTL]PEHIXIGXIHMRWIHMQIRXWEQTPIWFEWIHSR
T]VSWIUYIRGMRKSJ7V62%KIRIJVEKQIRXWEXXLIFIKMRRMRKX!HERHIRHSJXLITVI
IUYMPMFVEXMSRTIVMSHX!H%ERHEXXLIIRHSJXLIFMSEGGYQYPEXMSRXIWXX!H&%PP
TL]PEGSRXVMFYXMRKXSPIWWXLER	SJXLIXSXEPFEGXIVME[IVIKVSYTIHEWŦ3XLIVŧ
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*MKYVI4'S%TPSXWSJYR[IMKLXIH%ERH[IMKLXIH&9RM*VEGHMWXERGIWSJWIHMQIRX
WEQTPIWGSPPIGXIHHYVMRKTVIIUYMPMFVEXMSRTLEWIERHFMSEGGYQYPEXMSRXIWX7EQTPMRKHEXIW
EVIWLS[REWWXEVXX!HIRHX!HERHXIWXX!H31GSRXIRXMWHITMGXIHEW[LMXI
PS[31PMKLXKVI]QIHMYQ31ERHFPEGOLMKL31WUYEVIW%Q!%VIRMGSPEQEVMRE2Z
!2IVIMWZMVIRW1F!1EGSQEFEPXLMGE'Z!'SVSTLMYQZSPYXEXSVERHEPP!EPPMRZIVXIFVEXI
WTIGMIWXSKIXLIV%237-1YR[IMKLXIH9RM*VEG6!T![IMKLXIH9RM*VEG6!
T!
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T
his study show
ed that m
icrobial com
m
unities changed as a function of tim
e and as a 
function of organic m
atter content. E
ffects of invertebrate species, how
ever, w
ere only 
detected for tw
o genes (am
oA
 and nosZ
). O
M
 content m
ore strongly affected bacterial 
dynam
ics than invertebrate species. T
he treatm
ent w
ith m
edium
 O
M
 content had the 
highest gene abundance, and in the light of ecological relevance thus is to be preferred 
in standard sedim
ent tests, w
hich m
atches the recom
m
endation by the O
E
C
D
 to use 
20E\GHIDXOW2XUUHVXOWVDOVRLQGLFDWHGWKDWEHVLGHVWKHHTXLOLEUDWLRQRIVSLNHG
FKHPLFDOVDSUHHTXLOLEUDWLRQSHULRGLVDOVRHVVHQWLDOIRUJURZWKDQGVWDELOL]DWLRQRIWKH
EDFWHULDOFRPPXQLW\7KHUHIRUHWKHVHYHQGD\SUHHTXLOLEUDWLRQSHULRGUHFRPPHQGHGE\
WKH2(&'PLJKWQHHGWREHFRPHREOLJDWRU\ZLWKDQH[WHQGHGSUHHTXLOLEUDWLRQSHULRG
for persistent hydrophobic chem
icals w
ith slow
 sorption kinetics. W
ith the introduction 
of invertebrate species in the test system
, bacterial biodiversity increases, w
hich m
ight 
change the dynam
ics of the m
icrobial com
m
unity already present. Invertebrate species 
m
ight as w
ell directly contribute to m
icrobial com
m
unity dynam
ics by rew
orking of the 
sedim
ent via e.g. bioturbation and feeding on bacteria.
W
e show
ed that during a bioaccum
ulation experim
ent in an O
E
C
D
 set up, the bacterial 
diversity and com
m
unity com
position as w
ell as functional endpoints such as: the 
DEXQGDQFHRIQLWURJHQÀ[LQJEDFWHULDDPPRQLDR[LGL]LQJEDFWHULDGHQLWULI\LQJEDFWHULD
sulphate-reducing 
bacteria 
and 
bacteria 
capable 
of 
hydrolyzing 
organophosphate 
FRPSRXQGVZHUHVLJQLÀFDQWO\DIIHFWHGE\WKHWHVWFRQGLWLRQV7KLVLVHVSHFLDOO\LPSRUWDQW
(a) for functions that affect chem
ical exposure, like in the present case the ability to 
hydrolyze organophosphate com
pounds and (b) for functions that affect the w
ater 
TXDOLW\YDULDEOHVGULYLQJWKHSHUIRUPDQFHRIWKHWHVWVSHFLHV$IWHUDOOVXFKFKDQJHV
can affect the outcom
es of the tests for the target species in an unpredictable m
anner 
DQGOLPLWWKHUHOLDELOLW\RIWKHVXEVHTXHQWVWHSVLQWKHULVNDVVHVVPHQW$VLPLODUWHVW
set up w
ithout invertebrates could be used to assess m
icrobial endpoints from
 w
hich 
com
m
unity level dose response relationships could be derived. For instance, a standard 
inoculum
 could be applied to standard sedim
ent, after w
hich com
m
unity com
position 
and gene abundance patterns are assessed as a function of chem
ical dose. In term
s of 
ecological relevance, how
ever, having a m
ixed species system
 that includes m
icrobes as 
w
ell as invertebrates rem
ains closer to reality.
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'LIQMGEPW
3&%VVWDQGDUGV,83$&QXPEHUVFKORUS\ULIRV&3)SXULW\
DQGFKORUSK\ULIRV'LQWHUQDOVWDQGDUGZHUHREWDLQHGIURPWKHFRPSDQ\'U
E
hrenstorfer, G
erm
any. For O
E
C
D
 sedim
ent peat from
 K
lasm
ann D
eilm
ann B
enelux 
%9&D&2SRZGHUIURP6LJPD$OGULFK*HUPDQ\TXDUW]VDQGIURP*HED
m
m
, E
urogrid, T
he N
etherlands and kaolin from
 Sigm
a A
ldrich, G
erm
an w
as used.
;EXIVUYEPMX]
7KHZDWHUTXDOLW\YDULDEOHVR[\JHQWHPSHUDWXUHVDOLQLW\FRQGXFWLYLW\DQGS+ZHUH
m
easured w
ith a H
ach (H
Q
40d) portable m
ulti-m
eter using the L
um
inescent D
issolved 
2SUREH/'2WKHFRQGXFWLYLW\SUREH&'&DQGWKHJHOÀOOHGS+HOHFWURGH
(P
H
C
 101) or pH
 m
eter (SG
8-E
L
K
) by M
ettler Toledo (bioaccum
ulation experim
ent, 
WHVW7HPSHUDWXUHZDVPHDVXUHGZLWKWKH2SUREH$PPRQLXPFRQFHQWUDWLRQV
w
ere m
easured w
ith the am
m
onium
 cell test by M
erck w
ith a range of 0.20 - 8.00 
m
g/l N
H
4-N
 and nitrite concentrations w
ith the colorim
etric nitrite test by M
erck w
ith 
a range 0.025-0.5 m
g/L
 N
O
2-. P
hytoplankton concentrations (µg/L
) w
ere m
easured 
ZLWKWKH$OJDO/DE$QDO\]HUXVLQJDVSHFWURÁXRURPHWHUEEH7XUELGLW\178ZDV
m
easured w
ith a turbidity m
eter (T
N
100; E
utech instrum
ents).
)\XVEGXMSRERHEREP]WIW
E
xtraction and analysis follow
ed previously published procedures. 68 W
ater sam
ples 
Q RIQDWXUDOVHDZDWHUZHUHWDNHQWRGHWHUPLQHEDFNJURXQGFRQFHQWUDWLRQV:DWHU
sam
ples w
ere extracted using C
18 E
m
pore disks. 200 µL
 of internal standard solution 
(P
C
B
112, 80 ng/m
L
) w
as added to 200 m
L
 of sam
ple after w
hich the sam
ple w
as 
LQWURGXFHGRQWRWKHGLVNDQGVXEVHTXHQWO\HOXWHGZLWKP/GLFKORURPHWKDQH7KH
sam
ples w
ere concentrated to 200 µL
 and transferred to sam
ple vials for analysis.
Invertebrate analysis used m
ixed sam
ples of surviving individuals per treatm
ent. B
iota, 
VHGLPHQWDQGÀVKIRRG7HWUDPLQVDPSOHVZHUHGULHGXVLQJVRGLXPVXOSKDWH0HUFN
and extracted by soxhlet extraction using a m
ixture of pentane/dichlorom
ethane 
(50:50 v/v). Internal standard solution (1 m
L
) (P
C
B
112, 80 ng/m
L
) w
as added to each 
sam
ple. For biota sam
ples, half of the extract w
as dried to gravim
etrically determ
ine 
the fat content. E
xtracts w
ere then concentrated to 2 m
l using a rotavap (H
eidolph) 
DQGFOHDQHGXSRQDJÁRULVLOFROXPQ7KHH[WUDFWZDVUXQLQWRWKHFROXPQDQG
VXEVHTXHQWO\HOXWHGXVLQJPORIGLHWK\OHWKHULQSHQWDQH7KHH[WUDFWZDVWKHQ
concentrated to 1 m
L
 for sedim
ents and 0.5 m
L
 for the biota sam
ples under a gentle 
ÁRZRIQLWURJHQDQGWUDQVIHUUHGWRDYLDOIRUDQDO\VLV
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0RLVWXUHFRQWHQWZDVGHWHUPLQHGJUDYLPHWULFDOO\DIWHUGU\LQJIRUKRXUVDW&
Sedim
ent organic m
atter content w
as determ
ined gravim
etrically after drying at 550 °C
 
for 2 hours.
%REP]WIW
A
nalytical procedures w
ere published before (e.g. 68). Invertebrate, sedim
ent, w
ater and 
ÀVKIRRG/ZHUHLQMHFWHGRQD6KLPDG]X*&06*&FRXSOHGWRD*&06
Q
P
2010 U
ltra (M
S) detector (Shim
adzu‘s H
ertogenbosch, the N
etherlands). C
olum
n 
XVHGZDVDP[PPLG+7ZLWKDÀOPWKLFNQHVVRIP$QDO\VLVZDV
perform
ed using E
lectron Im
pact (E
I) in single ion m
onitoring (SIM
) m
ode. Injection 
port and source tem
peratures w
ere 250 and 200 °C
 respectively. O
ven tem
perature 
SURJUDPVWDUWHGDW&KROGIRUPLQXWHVLQFUHDVHGE\&PLQWR&IROORZHG
by an increase by 2.5 °C
/m
in to 292. A
t the end of the program
, a colum
n w
as heated 
WR&IRUPLQXWHV7KHIROORZLQJTXDQWLÀHUDQGTXDOLÀHULRQVZHUHPRQLWRUHG
UHVSHFWLYHO\DQGIRU3&%DQGIRU3&%DQGIRU3&%
3&%DQG3&%DQGIRU3&%DQGIRU3&%DQG
DQGIRUFKORURS\ULIRV
5YEPMX]EWWYVERGI
5HFRYHU\ZDVEHWZHHQIRUDOOFRPSRXQGV&DOLEUDWLRQFXUYHVFRQVLVWHGRI
SRLQWVZLWKLQDUDQJHRIQJP/5ZDVDFKLHYHGIRUHDFKFDOLEUDWLRQFXUYH
IRUDOOFRPSRXQGV/LPLWRITXDQWLÀFDWLRQRIWKH3&%VDQG&3)GHSHQGHGRQVDPSOH
LQWDNHZKLFKZDVW\SLFDOO\QJ/IRUZDWHUQJ/IRUVHGLPHQWQJJÀVK
IRRGDQGEHWZHHQQJ/DQGQJ/IRUELRWD6SLNHGFRQFHQWUDWLRQVUDQJHG
IURPWRRIWKHQRPLQDOFRQFHQWUDWLRQV:DWHUEDFNJURXQGFRQFHQWUDWLRQV
w
ere below
 <
1 ng/L
.
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8EFPI7%ZIVEKI7([EXIVUYEPMX]ZEPYIWJSVHMWWSPZIHS\]KIR(3WEPMRMX]GSRHYGXMZMX]T,XIQTIVEXYVIERHEQQSRMYQ[MXLXLIMVVERKI
QMRQE\JSVXLIFMSEGGYQYPEXMSRXIWXJSVW]WXIQW[MXLERH[MXLSYXIRGPSWYVISZIVXLIHI\TIVMQIRXEPTIVMSH
(min-max) for the bioaccumulation test for systems with and without enclosure over the 28d experimental period. 
DO 
(mg/L)
Range
(mg/L)
Salinit
y (‰) 
Range 
(‰)
Cond 
(mS/m)
Range 
(mS/m)
pH Range Temp 
(°C)
Range 
(°C)
Ammo
nium 
(mg 
NH4-N
/L)
Range 
(mg NH4-
N /L)
(QFORVHG
VLQJOH
VSHFLHV
9.00
(0.66)
4.18-
9.87
34.4 
(0.4)
33.4-
35.7
40.4 
(0.7)
29.6-41.9 8.09
(0.32)
7.15-
9.95
12.8 (0.2) 12.4-
14.1
1.85
(2.07)
0.1-10.14
0L[HG
VSHFLHV
9.39
(0.43)
7.16-
9.94
34.4 
(0.5)
33.5-
35.3
40.7 
(0.48)
40.1-42.0 8.07
(0.10)
7.89-
8.32
13.2 (0.2) 12.9-
13.6
2.60
(2.25)
0.1-6.73
* Values outside detection range were not used for calculation.
Cyanobacteria 
(µg/L)
Range 
(µg/L)
Green algae 
(µg/L)
Range 
(µg/L)
Diatoms 
(µg/L)
Range 
(µg/L)
Turbidity 
(NTU)
Range 
NTU)
Test 3 0.25 (0.23) 0-1.39 0.18 (0.30) -1.72 0.78 (0.99) 0.27-3.44 7.04 (6.61) 0.86-30.1
Test 3 mixed 0.27 (0.11) 0.05-0.5 0 0-0 0.71(0.31) 0.32-1.33 81.72 (114.65) -302.00
* Values outside detection range were not used for calculation.
8EFPI7%ZIVEKI7(TL]XSTPEROXSRGSRGIRXVEXMSRwK0ERHXYVFMHMX]289ZEPYIWERHVERKIQMRQE\JSVXLIFMSEGGYQYPEXMSRXIWXJSV
W]WXIQW[MXLERH[MXLSYXIRGPSWYVISZIVXLIHI\TIVMQIRXEPTIVMSHsystems with and without enclosure over the 28d experimental period.
Cyanobacteria 
(µg/L)
Range 
(µg/L)
Green algae 
(µg/L)
Range 
(µg/L)
Diatoms 
(µg/L)
Range 
(µg/L)
Turbidity 
(NTU)
Range 
(NTU)
0.25 (0.23) 0-1.39 0.18 (0.30) 0-1.72 0.78 (0.99) 0.27-3.44 7.04 (6.61) 0.86-30.17HVW
7HVWPL[HG . 7 ( .11) 0.05-0.5 0 0-0 0.71( .31) .32-1.33 81.72 (114.65) 1.05-302.00
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 8EFPI7%ZIVEKIERHWXERHEVHHIZMEXMSR7(SJXSXEPFEGXIVMEPRMJ,EQS%RSW>HWV%ERHSTHEFYRHERGI MRGSTMIWKVEQ[IXWIHMQIRX
ERHTIVGIRXEKIWSJXLIWTIGMƈGKIRIWGSQTEVIHXSXLIXSXEPFEGXIVMEEXWXEVXSJXLITVIIUYMPMFVEXMSRXMQIX!R!EXXLIIRHSJXLITVI
IUYMPMFVEXMSRXMQIWXEVXSJI\TIVMQIRXX!R!TYVITIEXEJXIVKVMRHMRKERHEXXLIIRHSJXLIFMSEGGYQYPEXMSRXIWXX!R!EXPS[QIHMYQ
ERHLMKLSVKERMGQEXXIVGSRXIRXJSV%VIRMGSPEQEVMRE2IVIMWZMVIRW1EGSQEFEPXLMGE'SVSTLMYQZSPYXEXSVERHQM\IHWTIGMIW
Total bacteria nifH amoA
Time OM 
content
Species Average 
(copies/g 
wet 
sediment) 
SD Average 
(copies/g 
wet 
sediment)
SD % of total 
abundance
Average 
(copies/g wet 
sediment)
SD % of total 
abundance
-69 Low 1.24E+07 3.85E+03 0.03 BDLa
-69 Medium 1.09E+07 4.80E+06 2.21E+04 1.73E+04 0.20 2.51E+02 1.53E+02 0.0023
-69 High 7.75E+06 3.71E+06 2.66E+04 2.08E+04 0.34 2.71E+02 1.52E+02 0.0035
0 Low 3.49E+07 2.06E+07 3.00E+04 1.66E+04 0.09 3.37E+01 0.0001
0 Medium 1.52E+08 8.53E+06 7.67E+04 9.78E+03 0.05 7.47E+02 2.06E+02 0.0005
0 High 2.48E+07 4.66E+06 4.89E+03 4.44E+03 0.02 5.46E+01 1.31E+01 0.0002
0 Pure peat 2.54E+07 2.23E+07
35 Low Arenicola marina 1.24E+08 1.92E+08 1.99E+04 2.84E+04 0.02 1.33E+03 1.90E+03 0.0011
35 Low Nereis virens 5.03E+08 3.58E+08 5.91E+04 4.46E+04 0.01 1.47E+04 1.03E+04 0.0029
35 Low Macoma balthica 3.96E+08 2.12E+08 6.74E+04 4.56E+04 0.02 1.72E+04 1.27E+04 0.0043
35 Low Corophium volutator 2.47E+08 2.14E+08 2.87E+04 2.16E+04 0.01 8.83E+03 5.14E+03 0.0036
35 Medium Arenicola marina 3.24E+08 4.29E+07 9.22E+04 5.40E+04 0.03 2.46E+03 1.21E+03 0.0008
35 Medium Nereis virens 5.54E+08 2.70E+08 9.27E+04 2.94E+04 0.02 5.81E+03 2.50E+03 0.0010
35 Medium Macoma balthica 6.59E+08 3.39E+08 8.48E+04 2.08E+04 0.01 1.46E+04 2.10E+04 0.0022
35 Medium Corophium volutator 4.94E+08 2.81E+08 1.43E+05 1.78E+05 0.03 6.49E+03 5.48E+03 0.0013
35 Medium Mixed species 3.52E+08 6.73E+07 1.35E+05 5.75E+04 0.04 7.42E+03 3.35E+03 0.0021
a BDL=Below Detection Limit. a BDL=Below Detection Limit.
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Table S5 continued. 
nosZ dsrA opd
Time OM 
content
Species Average 
(copies/g 
wet 
sediment)
SD % of total 
abundance
Average 
(copies/g 
wet 
sediment)
SD % of total 
abundance
Average 
(copies/g
wet 
sediment)
SD % of total 
abundance
-69 Low BDLa BDL BDL
-69 Medium BDL BDL BDL
-69 High 1.01E+04 6.01E+03 0.13 BDL BDL
0 Low BDL BDL BDL
0 Medium 1.37E+06 1.31E+05 0.90 2.33E+03 7.68E+02 0.002 BDL
0 High 3.77E+03 0.02 BDL BDL
35 Low Arenicola marina 7.20E+05 1.31E+06 1.56E+04 2.45E+04 3.96E+04
35 Low Nereis virens 5.43E+06 3.89E+06 0.58 2.28E+05 3.49E+05 0.01 6.82E+04 3.52E+04 0.032
35 Low Macoma balthica 7.84E+06 4.95E+06 1.08 2.09E+05 1.44E+05 0.05 1.22E+05 9.16E+04 0.014
35 Low Corophium volutator 4.38E+06 3.37E+06 1.98 2.56E+04 2.00E+04 0.05 3.00E+04 1.58E+04 0.031
35 Medium Arenicola marina 4.26E+06 2.33E+06 1.77 7.63E+05 2.54E+05 0.01 3.76E+04 2.56E+04 0.012
35 Medium Nereis virens 5.60E+06 3.15E+06 1.31 6.68E+05 2.57E+05 0.24 2.71E+04 1.56E+04 0.012
35 Medium Macoma balthica 9.59E+06 2.09E+06 1.01 4.72E+05 3.07E+05 0.12 1.13E+05 1.45E+05 0.005
35 Medium Corophium volutator 4.91E+06 1.99E+06 1.46 9.21E+05 1.27E+06 0.07 4.60E+04 3.06E+04 0.017
35 Medium Mixed species 3.38E+06 1.61E+06 0.99 2.98E+06 4.86E+05 0.19 2.29E+04 8.99E+03 0.009
a BDL=Below Detection Limit.a BDL=Below Detection Limit.
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*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EFYRHERGI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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R!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[LMXI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EFYRHERGIGSTMIWKVEQ[IXWIHMQIRX(HWV%EFYRHERGIGSTMIWKVEQ[IXWIHMQIRX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ERHSTHEFYRHERGIGSTMIWKVEQ[IXWIHMQIRX*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I\TIVMQIRXX!HR!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[LMXI2IVIMWZMVIRW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1EGSQEFEPXLMGE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HEVOKVI]0MRIWMRHMGEXIRSWMKRMƈGERXHMƇIVIRGIMREFYRHERGIFIX[IIRWTIGMIW[MXLMRE
XVIEXQIRX7QEPPPIXXIVWMRHMGEXIWMKRMƈGERXHMƇIVIRGIWMREFYRHERGIFIX[IIRXVIEXQIRXW
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Table S6. Overview of gene abundance in natural marine sediment. 
*HQH Sediment Abundance (min - max) Unit Remarks Refs This study 
(min-max)
16S Marine 2x107 - 3x109 copies/g wet sediment Assumptions: 3.6 copies per cell. Density of 
sed 1.7 g/cm3 47. No EMA treatmenta
48
7.8x106 –
6.6x10816S Marine 4.7x107 - 2.6x109 copies/g wet sediment Assumptions: 3.6 copies per cell 49
amoA
Salt 
marsh
5.6x104 - 1.3x106 copies/g wet sediment 53 3.4x101 –
1.7x104amoA (AOB) Marine 6.55×104 - 3.26×107 copies/g sediment 50
nifH (group NB3) Marine 1.5x106 - 1.5x108 copies/g sediment 51 3.9x103 –
1.4x105nifH (group NB7) Marine 1X106 - 1.5x108 copies/g sediment 51
dsrA (distribution 
of SRB)
Marine 1.7x106 - 2.8x108 copies/g wet sediment Assumptions: 1 copies per cell. Density of 
sediment 1.7 g/cm3 47. No EMA treatmenta
48
2.3x103 –
3.0x106dsrA (distribution 
of SRM)
Marine 8x105 (min) 5.1x107 (mean) copies/g wet sediment Assumptions: 1 copies per cell 49
nosZ Estuarine 
wetland 
1.9x106 - 2.9x107 copies/g dry soil Assumption: fraction of water 0.9 (in first 1 
cm)
52 3.8x103 –
9.6x106
a Ethidium monoazide (EMA) is a specific treatment to avoid the qPCR quantification of dead cells or free DNA.
Total abundance nifH amoA dsrA Shannon
t p t p t p t p t p t p
Low (5) 3.642 0.015 (5) 1.245 0.268 (3) 1.363 0.266 -8.343 0.000
Medium (3.018) 4.063 0.027 (5) 1.028 0.351 (5) 1.652 0.159 (3.060) 6.043 0.009 (5) - 0.01 -1.089 0.352
a (WKLGLXPPRQRD]LGH(0$LVDVSHFLÀFWUHDWPHQWWRDYRLGWKHT3&5TXDQWLÀFDWLRQRI GHDGFHOOVRUIUHH'1$
8EFPI7(MƇIVIRGISJXSXEPFEGXIVMEPRMJ,EQS%RSW>ERHHWV%EFYRHERGIERH7LERRSRHMZIVWMX]MRHI\FIX[IIRWXEVXX!ERHIRHX!
SJFMSEGGYQYPEXMSRXIWX[EWXIWXIH[MXLERMRHITIRHIRXXXIWXSTHRSW>ERHHWV%JSVPS[31GSYPHRSXFIXIWXIHEWZEPYIWEXX![IVIFIPS[
HIXIGXMSRPMQMX:EPYIWFIX[IIRFVEGOIXWWLS[HIKVIIWSJJVIIHSQ6ITSVXIHTZEPYIWEVIX[SXEMPIHERHWMKRMƈGERXZEPYIWEVIWLS[RMRFSPH
detection limit. Values between brackets show degrees of freedom. Reported p values are two-tailed and significant values are shown in bold. 
Total abundance nifH amoA nosZ dsrA Shannon
t p t p t p t p t p t p
Low 
OM
(5) 3.642 0.015 (5) 1.245 0.268 (3) 1.363 0.266 -8.343 0.000
Medium 
OM
(3.018) 4.063 0.027 (5) 1.028 0.351 (5) 1.652 0.159 (3.060) 6.043 0.009 (5) -
3.999
0.01 -1.089 0.352
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)ƇIGXSJSVKERMGQEXXIVERHWTIGMIWSRXSXEPFEGXIVMEPRMJ,EQS%RSW>HWV%ERHSTHEFYRHERGIEXXLIIRHSJXLIFMSEGGYQYPEXMSR
I\TIVMQIRXX!H[MXLEX[S[E]%23:%SV/VYWOEP;EPPMW:EPYIWFIX[IIRFVEGOIXWWLS[HIKVIIWSJJVIIHSQTZEPYIWMRFSPHEVIWMKRMƈGERX
significant.
Total abundance1 nifH2 amoA6 nosZ1 dsrA2 Rpd6 Shannon1
F p X2 p F p F p X2 p F p F p
OM (1, 24) 
4.424
0.046 (1) 
7.2253
0.007 (1, 22) 
0.000
0.995 (1, 22) 
1.546
0.227 (1) 
14.9463
0.000 (1, 15) 
0.292
0.597 (1, 24) 
7.607
0.011
Species (3, 24) 
2.605
0.075 (3) 
3.5884
0.31 (3,22) 
3.525
0.032 (3, 22) 
4.876
0.010 (3) 
4.3674
0.224 (3, 15) 
0.68
0.578 (3, 24) 
1.119
0.361
OM x 
Species
(3, 24) 
0.286
0.835 (3) 
0.7285
0.867 (3, 22) 
0.894
0.460 (3, 22) 
0.361
0.782 (3) 
2.1845
0.535 (3,15) 
0.368
0.777 (3, 24) 
1.123
0.360
1Analyese were done with a two way-ANOVA. 
Total abundance1 nifH2 amoA1 nosZ1 dsrA3 Opd2
p t p t p t p X p t p
(6) 1.661 0.148 (6) -0.887 0.409 (6) -0.013 0.990 (6) 2.421 0.052 (1) 0.333 0.564 (6) 1.552 0.172
1Analyese were done with a two way-ANOVA.
2nifH and dsrA were analyzed with the Kruskal-Wallis test, tests were done for difference in OM, differences in species at low OM4 and medium OM5.
6amoA and opd were log transformed to meet the normality assumption.
8EFPI7)ƇIGXSJWMRKPIWTIGMIWZIVWYWQM\IHWTIGMIWEXQIHMYQSVKERMGQEXXIVEXXLIIRHSJXLIFMSEGGYQYPEXMSRI\TIVMQIRXX!HSR
XSXEPFEGXIVMEPRMJ,EQS%RSW>HWV%ERHSTHEFYRHERGIXIWXIH[MXLERMRHITIRHIRXXXIWXSV/VYWOEP;EPPMW:EPYIWFIX[IIRFVEGOIXWWLS[
HIKVIIWSJJVIIHSQ6ITSVXIHTZEPYIWEVIX[SXEMPIH
Total abundance1 QLI+ DPR$ QRV= dsrA3 Rpd2
t p t p t p t p X2 p t p
(6) 1.661 0.148 (6) -0.887 0.409 (6) -0.013 0.990 (6) 2.421 0.052 (1) 0.333 0.564 (6) 1.552 0.172
1Analyese were done with the independent t-test.1Analyese were done with the independent t-test.
2nifH was log transformed to meet the normality assumption.
dsrA was analyzed with the Kruskal-Wallis test.
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*MKYVI71(7TPSXSJXLI(++)TVSƈPIWSFXEMRIHJVSQGSRXVSPERHWTMOIHEVXMƈGMEPWIHMQIRXW
QIHMYQ31GSRXIRXHYVMRKXLITVIIUYMPMFVEXMSRTIVMSH7EQTPIW[IVIEREP]^IHMR
XVMTPMGEXIERHEPPVITPMGEXIWEVIVITVIWIRXIH
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Ϭ ϭ Ϯ ϯ ϰ ϱ ϲ ϳShannon index of diversity
Ϭ ϱϬ
ϭϬϬ
ϭϱϬ
ϮϬϬ
ϮϱϬ
ϯϬϬ
ϯϱϬ
ϰϬϬ
ϰϱϬ
ϱϬϬ
Observed OTUs
A
 B
 
*MKYVI77LERRSRMRHI\SJHMZIVWMX]%ERHSFWIVZIH389W&SJXLIWIHMQIRXWEQTPIW
GSPPIGXIHHYVMRKXLII\TIVMQIRX;LMXIFEVWVITVIWIRXFIKMRRMRKSJTVIIUYMPMFVEXMSRTIVMSH
X!H[LIVIEWPMKLXKVI]FEVWVITVIWIRXIRHSJXLITVIIUYMPMFVEXMSRTIVMSHX!H(EVO
KVI]FEVWVITVIWIRXIRHSJXLIFMSEGGYQYPEXMSRXIWXX!
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* 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8EFPI76IPEXMZIEFYRHERGISJFEGXIVMEPTL]PEHIXIGXIHMRWIHMQIRXWEQTPIWFEWIHSRT]VSWIUYIRGMRKSJ7V62%KIRIJVEKQIRXWEXXLI
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the end of bioaccumulation test (t=35 d). All phyla contributing to less than 1% of the total bacteria were grouped as ‘Other’.
Bacterial 
phyla
Low OM 
Aronicola
Low OM 
Corophium
Low OM 
Macoma
Low 
OM 
Nereis
Medium 
OM 
Aronicola
Medium 
OM 
Corophium
Medium 
OM 
Macoma
Medium 
OM 
Nereis
Medium
OM All 
animals
Proteobacteria 71.7 70 71.8 67.6 64.5 62.9 63.5 59.5 65.4
Bacteroidetes 25.2 24.5 23.7 26.3 32.8 31.4 31.4 37 30.4
Firmicutes 0.6 2.7 2.3 0.8 0.9 3.4 2.3 1.3 0.8
Acidobacteria 0.3 0.4 0.2 0.3 0.4 0.5 0.3 0.5 0.5
Actinobacteria 0.3 0.4 0.2 0.2 0.7 1.2 0.7 0.8 0.7
Fusobacteria 0.3 0 0 2.5 0.1 0 0 0.1 1.4
Planctomycetes 0.2 0.1 0.2 0.5 0.1 0.2 0.7 0.2 0.2
Other 1.4 1.7 1.6 1.8 0.4 0.4 0.8 0.6 0.5
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onia-oxidizing bacteria and am
m
onia-oxidizing 
archaea in the sedim
ents, w
ith calculated N
O
E
C
s of 10 and <
1 µg/L
, respectively. T
he 
DPPRQLDFRQFHQWUDWLRQLQWKHPLFURFRVPZDWHUVLJQLÀFDQWO\LQFUHDVHGLQWKHKLJKHVW
treatm
ent level, and nitrate production w
as decreased, indicating a potential im
pairm
ent 
RIWKHQLWULÀFDWLRQIXQFWLRQDWFRQFHQWUDWLRQVDERYHJ/7KHUHVXOWVRIWKLVVWXG\
VXJJHVWWKDWHQYLURQPHQWDOO\UHOHYDQWFRQFHQWUDWLRQVRIHQURÁR[DFLQDUHQRWOLNHO\
to result in direct or indirect toxic effects on the invertebrate and prim
ary producer 
FRPPXQLWLHVQRURQLPSRUWDQWPLFURELDOO\PHGLDWHGIXQFWLRQVVXFKDVQLWULÀFDWLRQ
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-RXVSHYGXMSR
$QWLELRWLFVXVHGLQKXPDQDQGYHWHULQDU\PHGLFLQHFDQHQWHUDTXDWLFHFRV\VWHPVGLUHFWO\
WKURXJKWKHGLVFKDUJHRIZDVWHZDWHUWUHDWPHQWSODQWHIÁXHQWVRUDTXDFXOWXUHUHVLGXHV
or indirectly, by leaching and runoff of agricultural soils am
ended w
ith m
anure from
 
livestock facilities (Ternes et al., 2004, Sarm
ah et al., 2006 and R
ico et al., 2014). O
ver 
the last few
 years, a considerable am
ount of w
ork has been done on assessing the 
RFFXUUHQFHDQGHQYLURQPHQWDOIDWHRIDQWLELRWLFVLQWKHDTXDWLFHQYLURQPHQWLQGLFDWLQJ
that m
easured w
ater concentrations are, in m
ost cases, relatively low
 (i.e. from
 0.001 
µg/L
 to about 10 µg/L
) (K
üm
erer, 2009). A
cute and chronic laboratory studies suggest 
WKDWDQWLELRWLFVDUHQRWH[SHFWHGWRUHVXOWLQGLUHFWWR[LFHIIHFWVRQÀVKDQGDTXDWLF
invertebrates at environm
entally relevant concentrations (R
obinson et al., 2005 and 
Park and C
hoi, 2008). H
ow
ever, several experim
ents indicated that cyanobacteria and 
non-phototrophic m
icrobial com
m
unities could be affected by antibiotic pollution at 
concentrations that are orders of m
agnitude low
er than the threshold concentrations 
derived from
 toxicity data for standard test species (M
aul et al., 2006, E
bert et al., 
<HUJHDXHWDODQG:XQGHUHWDO3RVVLEO\HIIHFWVRIDQWLELRWLFVRQ
cyanobacteria could affect the com
m
unity structure of prim
ary producers, w
hich m
ight 
propagate to prim
ary and secondary consum
ers (R
ico et al., 2014). F
urtherm
ore, the 
disruption of im
portant ecosystem
 processes such as organic m
atter m
ineralization 
0DXOHWDOQLWULÀFDWLRQ.ODYHUDQG0DWWHZVDQGRUGHJUDGDWLRQRI
RUJDQLFSROOXWDQWV1lVOXQGHWDOFRXOGUHVXOWLQFKDQJHVLQZDWHUTXDOLW\DQG
PLJKWLQGXFHDGGLWLRQDOVWUHVVWRDTXDWLFRUJDQLVPV7RGDWHRXUNQRZOHGJHRQWKH
effects of antibiotics on ecological interactions is still very lim
ited and, therefore, 
further research needs to be undertaken to assess the potential side effects of antibiotics 
RQHFRORJLFDOIXQFWLRQVDQGRQWKHVWUXFWXUHRIDTXDWLFFRPPXQLWLHVLQPXOWLWURSKLF
system
s. 
M
odel ecosystem
 studies (i.e., m
icrocosm
s and m
esocosm
s) have been used in the risk 
assessm
ent of pesticides and veterinary m
edicines since they provide m
ore ecological 
UHDOLVPWKDQODERUDWRU\ELRDVVD\VDQGDOORZWKHLGHQWLÀFDWLRQRISRWHQWLDOLQWHUDFWLRQV
EHWZHHQDTXDWLFFRPPXQLWLHVDQGHFRV\VWHPIXQFWLRQV9DQGHQ%ULQNHWDO
7KHQXPEHURIVWXGLHVHYDOXDWLQJWKHIDWHDQGHIIHFWVRIDQWLELRWLFVRQDTXDWLFPRGHO
ecosystem
s is very lim
ited, and all of them
 have been perform
ed under tem
perate 
clim
atic conditions (e.g. W
ilson et al., 2004, K
napp et al., 2005 and M
aul et al., 2006). 
R
ecent m
onitoring studies have detected antibiotic residues in several rivers im
pacted 
by urban and intensive anim
al production in (sub-)tropical regions of A
sia (Y
ang et 
DO6KLPL]XHWDODQG5LFRHWDOVXJJHVWLQJWKDWWKHVWXG\RIWKH
SRWHQWLDOHFRWR[LFRORJLFDOHIIHFWVRIDQWLELRWLFVLQWKHWURSLFDO]RQHUHTXLUHVIXUWKHU
attention. 
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T
he m
ain objectives of the present study w
ere (i) to get a better understanding on 
the potential direct and indirect toxic effects of antibiotic pollution on tropical 
DTXDWLFHFRV\VWHPVLLWRLGHQWLI\VHQVLWLYHVWUXFWXUDODQGIXQFWLRQDOHQGSRLQWVIRU
the risk assessm
ent of antibiotics, and (iii) to assess w
hether the use of threshold 
FRQFHQWUDWLRQVGHULYHGIURPODERUDWRU\WR[LFLW\GDWDZRXOGUHVXOWLQDVXIÀFLHQWOHYHO
RISURWHFWLRQIRUWURSLFDODTXDWLFHFRV\VWHPV)RUWKLVZHDVVHVVHGWKHHIIHFWVRI
WKHÁXRURTXLQRORQHDQWLELRWLFHQURÁR[DFLQRQÀYHVWUXFWXUDOPDFURLQYHUWHEUDWHV
zooplankton, phytoplankton, periphyton and bacteria) and tw
o functional (organic 
m
atter decom
position and nitrogen cycling) endpoint groups in outdoor freshw
ater 
PLFURFRVPVLQWURSLFDO7KDLODQG(QURÁR[DFLQZDVFKRVHQDVWHVWFRPSRXQGEHFDXVH
RILWVEURDGXVHLQOLYHVWRFNDQGDTXDFXOWXUHSURGXFWLRQLQWURSLFDOFRXQWULHVHJ
/DPSDQJHWDODQG5LFRHWDODQGEHFDXVHRIWKHDYDLODELOLW\RIGDWDRQ
LWVHQYLURQPHQWDOIDWHDQGDTXDWLFWR[LFLW\.QDSSHWDO5RELQVRQHWDO
3DUNDQG&KRL(EHUWHWDODQG5LFRHWDO,QRXUVWXG\HQURÁR[DFLQ
w
as applied in daily pulses for a period of 7 days to eutrophic m
icrocosm
s, sim
ulating 
H[SRVXUHSDWWHUQVLQWURSLFDOHFRV\VWHPVUHFHLYLQJDTXDFXOWXUHHIÁXHQWVWKDWFRQWDLQ
HQURÁR[DFLQUHVLGXHV5LFRDQG9DQGHQ%ULQN(QURÁR[DFLQVKRZVDQWLEDFWHULDO
activity against a broad spectrum
 of (G
ram
-positive and G
ram
-negative) bacteria and is 
believed to act by inhibiting bacterial D
N
A
 gyrase or topoisom
erase IV, thus preventing 
bacterial D
N
A
 synthesis and reproduction (H
ooper, 1999). U
nder environm
ental 
FRQGLWLRQVHQURÁR[DFLQLVUDSLGO\GHHWK\ODWHGWRIRUPFLSURÁR[DFLQ.QDSSHWDO
2005), w
hich is an antibiotic that has been listed as critically im
portant for its use in 
KXPDQPHGLFLQH:+27KHRFFXUUHQFHRIDQWLELRWLFVVXFKDVHQURÁR[DFLQ
DQGFLSURÁR[DFLQLQWKHHQYLURQPHQWKDVUDLVHGFRQFHUQVDERXWWKHLUVHOHFWLYHSUHVVXUH
on clinically relevant bacteria and the developm
ent of antibiotic resistance (Suzuki and 
H
oa, 2012), and therefore the assessm
ent of their degradation and transform
ation under 
WURSLFDOFRQGLWLRQVDGGVFUXFLDOLQIRUPDWLRQWRSHUIRUPUHÀQHGH[SRVXUHDVVHVVPHQWV
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1EXIVMEPERHQIXLSHW
)\TIVMQIRXEPHIWMKR
T
he present experim
ent w
as perform
ed in ten outdoor m
icrocosm
s at the Faculty of 
F
isheries of K
asetsart U
niversity (K
U
, B
angkok, T
hailand). E
ach m
icrocosm
 consisted 
of a P
V
C
 tank (top diam
eter: 122 cm
; bottom
 diam
eter: 101 cm
; total depth: 80 cm
; w
ater 
GHSWKFPZDWHUYROXPH/LQLWLDOO\ÀOOHGZLWKDSSUR[LPDWHO\FPRIVLOLFDEDVHG
ÀQHJUDYHO²PPGLDPHWHUH[WUDFWHGIURPQDWXUDOULYHUVLQWKHQRUWKRI7KDLODQG
and tap w
ater pre-stored for 1 w
eek to allow
 dissipation of possible chlorine residues. 
A
n aeration system
 w
as installed in each m
icrocosm
 in order to provide m
ixing of the 
w
ater during the experim
ental period. T
he experim
ent w
as perform
ed during M
arch 
and A
pril 2012 (dry season). T
he w
eather conditions during the experim
ental period 
ZHUHDLUWHPSHUDWXUH²&PHDQPLQLPXP²PD[LPXPUHODWLYHKXPLGLW\
²DQGGDLO\SUHFLSLWDWLRQ²PPUDLQHGRQRIGD\V'RQ0XDQJ
W
eather Station, B
angkok, T
hailand). T
he m
icrocosm
s w
ere stocked w
ith plankton and 
m
acroinvertebrates collected from
 freshw
ater outdoor tanks located at the O
rnam
ental 
F
ish Facilities of K
U
, from
 a w
ater reservoir at K
U
, from
 the w
ater canal located at the 
A
sian Institute of Technology (A
IT, B
angkok, T
hailand) described in D
aam
 and V
an 
den B
rink (2011), and from
 outdoor freshw
ater tanks located at the hatchery of the 
A
IT. T
hese sam
pling sites w
ere selected because they w
ere uncontam
inated sources 
that show
ed a relatively high biodiversity of phytoplankton and invertebrates native to 
T
hailand. T
he stock of the m
acroinvertebrates w
as m
ade up by distributing the sam
e 
num
ber of anim
als into each m
icrocosm
, and the stock of plankton by introducing 
HTXDOYROXPHVRIFRQFHQWUDWHGSODQNWRQVDPSOHLQWRHDFKPLFURFRVP7KHSODQNWRQLF
and m
acroinvertebrate com
m
unities w
ere allow
ed to establish them
selves for a period 
of 4 w
eeks prior to the application of the test substance. D
uring this period, w
ater 
w
as exchanged betw
een m
icrocosm
s biw
eekly in order to hom
ogenize the structure of 
the com
m
unities betw
een the system
s. N
itrogen (1.4 m
g/L
 as urea) and phosphorus 
(0.18 m
g/L
 as triple super phosphate) w
ere added biw
eekly to the system
s according to 
the recom
m
endations provided by D
aam
 and V
an den B
rink (2011) during the entire 
experim
ental period. T
he resulting experim
ental system
s w
ere plankton dom
inated 
DQGVKRZHGDKLJKHXWURSKLFDWLRQOHYHOPLPLFNLQJXQFRQWDPLQDWHGDTXDWLFV\VWHPV
UHFHLYLQJQXWULHQWULFKHIÁXHQWVIURPDTXDFXOWXUHRUOLYHVWRFNSURGXFWLRQDUHDVZKLFK
m
ay be contam
inated by antibiotic residues.
%TTPMGEXMSRSJXLIXIWXWYFWXERGI
(QURÁR[DFLQZDVDSSOLHGWRWKHPLFURFRVPVLQGDLO\SXOVHVDWDURXQGSPDWD
nom
inal concentration of 1, 10, 100 and 1000 µg a.i./L
 during a period of seven days 
VWDUWLQJRQ$SULO7KHVHOHFWHGGRVLQJVFKHPHWULHGWRVLPXODWHH[SRVXUH
UHJLPHVLQDTXDWLFHFRV\VWHPVUHVXOWLQJIURPDQWLELRWLFWUHDWPHQWVXVHGLQDTXDFXOWXUHRU
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OLYHVWRFNSURGXFWLRQ7KHHQURÁR[DFLQDSSOLFDWLRQZDVSHUIRUPHGLQHLJKWPLFURFRVPV
in duplicate replicated treatm
ents, w
hile the rem
aining tw
o m
icrocosm
s w
ere used as 
FRQWUROV(QURÁR[DFLQVWRFNVROXWLRQVPJ/ZHUHSUHSDUHGGDLO\ZLWKHQURÁR[DFLQ
SRZGHUSXUFKDVHGIURP6LJPD²$OGULFKSXULW\/RW1XPEHU,Q
RUGHUWRGLVVROYHWKHHQURÁR[DFLQFU\VWDOVWKHZHLJKWHGDPRXQWRIWKHFRPSRXQGZDV
LQWURGXFHGZLWKGLVWLOOHGZDWHULQDYROXPHWULFÁDVNDQGVRQLFDWHGIRUPLQDW&
6XEVHTXHQWO\/RIDPPRQLDVROXWLRQYYDPPRQLDZHUHLQWURGXFHGLQ
WKHYROXPHWULFÁDVNV7KHVROXWLRQVZHUHVKDNHQJHQWO\E\KDQGDQGWKHQVRQLFDWHGIRU
DQRWKHU²PLQXQGHUWKHVDPHWHPSHUDWXUHFRQGLWLRQVXQWLOWKHFRPSRXQGZDV
FRPSOHWHO\GLVVROYHG'RVLQJVROXWLRQVRIDQGPJ/ZHUHFUHDWHG
E\GLOXWLQJDOLTXRWVRIWKHVWRFNVROXWLRQVLQ/RIGLVWLOOHGZDWHU)LQDOO\WKHSUHSDUHG
dose solutions w
ere poured over the w
ater surface of the m
icrocosm
s and m
ixed by 
stirring w
ith a w
ooden stick.
7EQTPMRKERHEREP]XMGEPZIVMƈGEXMSR
7KHFRQFHQWUDWLRQRIHQURÁR[DFLQDQGFLSURÁR[DFLQPDLQE\SURGXFWRI
HQURÁR[DFLQZHUHGHWHUPLQHGLQZDWHUVDPSOHVFROOHFWHGDSSUR[LPDWHO\PLQDIWHU
WKHÀUVWDSSOLFDWLRQKDIWHUWKHÀUVWDSSOLFDWLRQSULRUWRWKHVHFRQGDSSOLFDWLRQ
DSSUR[LPDWHO\PLQDIWHUWKHODVWDSSOLFDWLRQLHVHYHQWKDSSOLFDWLRQGD\VDIWHUWKH
last application, and 7 days after the last application. D
epth-integrated w
ater sam
ples 
(500 m
L
) w
ere collected w
ith a Perspex tube and stored in the fridge (4 °C
) for a 
m
axim
um
 period of 24 h until analysis.
2QWKHGD\RIWKHDQDO\VLVLQWHUQDOVWDQGDUG1RUÁR[FLQ'ZDVDGGHGWRP/
sub-sam
ples of the cosm
 w
ater sam
ples in order to reach a concentration of 5 µg/L
. 
6XEVHTXHQWO\WKHVXEVDPSOHVZHUHÀOWHUHGWKURXJKDQ\ORQPHPEUDQHZLWKP
SRUHVL]HDQGWUDQVIHUUHGLQWRJODVVYLDOV(QURÁR[DFLQDQGFLSURÁR[DFLQZHUHDQDO\]HG
E\KLJKSHUIRUPDQFHOLTXLGFKURPDWRJUDSK\+3/&XVLQJD:DWHUV$OOLDQFH
H
P
L
C
 Separation M
odule. T
he chrom
atographic separation w
as perform
ed by m
eans 
RID6KLVHLGR&DSFHOO3DN&FROXPQPPêPPPDW&7KHPRELOH
SKDVHZDVIRUPHGE\$P0DPPRQLXPDFHWDWHS+ DQG%DFHWRQLWULOHDQG
WKHÁRZUDWHZDVVHWWRP/PLQ7KHPRELOHSKDVHFRPSRVLWLRQIRUWKHVHSDUDWLRQ
PHWKRGODVWHGIRUPLQZLWKWKHIROORZLQJHOXWLRQJUDGLHQWV$WR$LQ
PLQWR$LQPLQWR$LQPLQKHOGIRUPLQWR$LQPLQDQG
held for 5 m
in. Sam
ple injection volum
es w
ere 20 µL
. T
he detection w
as perform
ed by 
0606XVLQJD4XDWWUR8OWLPD0LFURPDVV8./WGWULSOHVWDJHTXDGUXSROHPDVV
spectrom
eter w
ith the follow
ing conditions: ionization m
ode E
SI+
, capillary voltage of 
N9FRQHYROWDJHRI9VRXUFHWHPSHUDWXUHRI&GHVROYDWLRQWHPSHUDWXUHRI
&DQGQLWURJHQJDVÁRZRI/KLQWKHFRQHDQG/KLQWKHGHVROYDWLRQ7KH
detection lim
it for both antibiotics in the w
ater sam
ples w
as 0.1 µg/L
. T
he calculated 
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UHFRYHULHVRIWKHDQDO\WLFDOPHWKRGDWDFRQFHQWUDWLRQRIJ/ZHUH
IRUHQURÁR[DFLQDQGPHDQ6'Q IRUFLSURÁR[DFLQ7KHPHDVXUHG
concentrations in the cosm
 w
ater sam
ples w
ere corrected for the m
ethod recovery.
;EXIVUYEPMX]
D
issolved oxygen (D
O
), pH
, electrical conductivity (E
C
) and tem
perature (T
) w
ere 
PRQLWRUHGRQGD\VDQGEHIRUHWKHDQWLELRWLFWUHDWPHQWKDIWHUWKHÀUVWDQWLELRWLF
DSSOLFDWLRQDQGRQGD\VDQGDIWHUWKHÀUVWDQWLELRWLFDSSOLFDWLRQ
M
easurem
ents w
ere m
ade in the m
orning (at 8 am
) and at the end of the afternoon 
(around 6 pm
) at an approxim
ate w
ater depth of 10 cm
. D
O
, pH
 and T
 w
ere m
easured 
w
ith a H
Q
40d m
ultim
eter and E
C
 w
ith an E
C
-m
eter (E
ijkelkam
p 18.28).
A
lkalinity levels and the concentration of am
m
onia, nitrite, nitrate and total phosphorus 
w
ere m
easured in m
icrocosm
 w
ater sam
ples collected on the sam
e days as the other 
ZDWHUTXDOLW\SDUDPHWHUVH[FHSWIRUGD\DIWHUWKHÀUVWDQWLELRWLFDSSOLFDWLRQ$GHSWK
integrated w
ater sam
ple (1 L
) w
as collected w
ith a Perspex tube and stored at 4 °C
 until 
analysis. A
nalysis of the alkalinity and nutrient concentrations w
as perform
ed according 
to the m
ethods described in A
P
H
A
 (2005).
4L]XSTPEROXSRERH^SSTPEROXSR
P
hytoplankton and zooplankton sam
ples w
ere taken on day 7 and 1 day before the start 
RIWKHDQWLELRWLFWUHDWPHQWDQGRQGD\VDQGDIWHUWKHÀUVWDQWLELRWLF
application. D
epth-integrated w
ater sam
ples of 5 L
 w
ere collected using a Perspex tube 
and w
ere passed through a plankton net w
ith a m
esh size of 20 µm
 for phytoplankton, 
and 55 µm
 for zooplankton. T
he 5 L
 w
ater sam
ples w
ere concentrated to an approxim
ate 
YROXPHRIP/6XEVHTXHQWO\WKHFRQFHQWUDWHGVDPSOHVZHUHÀ[DWHGZLWK/XJRO·V
LRGLQHVROXWLRQDQGVWRUHGDW&XQWLOIXUWKHULGHQWLÀFDWLRQ
Sub-sam
ples (200 µL
) of the concentrated phytoplankton sam
ples w
ere analyzed w
ith 
DQLQYHUWHGPLFURVFRSHê3K\WRSODQNWRQWD[RQRP\ZDVGHWHUPLQHGWRWKHORZHVW
practical level, and the species or genus densities w
ere calculated as the num
ber of 
individuals per litre of m
icrocosm
 w
ater. In addition, the chlorophyll-a content of the 
phytoplankton w
as used as a proxy for the phytoplankton biom
ass in the m
icrocosm
 
w
ater. For the analysis of the chlorophyll-a, 150 m
L
 of the m
icrocosm
 w
ater w
as 
ÀOWHUHGWKURXJKD:KDWPDQ*)&JODVVÀEUHÀOWHUPHVKVL]HP&KORURSK\OOD
sam
ples w
ere extracted according to the acetone extraction procedure described in 
A
P
H
A
 (2005).
C
ladocerans, ostracods and copepods w
ere counted in the concentrated zooplankton 
VDPSOHXVLQJDELQRFXODUPLFURVFRSHZLWKDPDJQLÀFDWLRQRI²ê)XUWKHUPRUH
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DVXEVDPSOH²P/RIWKH]RRSODQNWRQVDPSOHZDVWDNHQIRUWKHLGHQWLÀFDWLRQ
RIURWLIHUVDQGFRSHSRGQDXSOLLXVLQJDQLQYHUWHGPLFURVFRSHPDJQLÀFDWLRQê
5RWLIHUVDQGFODGRFHUDQVZHUHLGHQWLÀHGWRWKHORZHVWSUDFWLFDOWD[RQRPLFOHYHO
&RSHSRGVZHUHLGHQWLÀHGWRVXERUGHULHFDODQRLGVRUF\FORSRLGVDQGDGLVWLQFWLRQ
w
as m
ade betw
een nauplii stages and the m
ore m
ature stages. O
stracods w
ere not further 
LGHQWLÀHG7KHQXPEHURILQGLYLGXDOVRIHDFKVSHFLHVZDVUHFDOFXODWHGWRQXPEHUVSHU
OLWHURIPLFURFRVPZDWHU7KHSK\WRSODQNWRQDQG]RRSODQNWRQVSHFLHVLGHQWLÀFDWLRQ
ZDVPDGHE\XVLQJVHYHUDOWD[RQRPLFFODVVLÀFDWLRQNH\VIRUWURSLFDODTXDWLFRUJDQLVPV
(e.g. W
ongrat, 2000 and Fernando, 2002).
4IVMTL]XSR
T
he effects of the treatm
ent on the periphyton com
m
unity w
ere assessed by m
easuring 
WKHFKORURSK\OODFRQWHQWRIWKHSHULSK\WRQELRPDVVRQDUWLÀFLDOVXEVWUDWHV7KUHHVHULHV
RIPLFURVFRSLFJODVVVOLGHVFPêFPZHUHLQWURGXFHGDWDZDWHUGHSWKRI
FPLQHDFKPLFURFRVPGD\VEHIRUHWKHÀUVWDQWLELRWLFDSSOLFDWLRQ2QGD\VDQG
DIWHUWKHÀUVWDQWLELRWLFDSSOLFDWLRQDJODVVVOLGHVHULHVZDVUHWULHYHGDQGWKHDWWDFKHG
periphyton w
as collected by scraping them
 (in 0.5 L
 of w
ater) until slides w
ere visually 
clean. T
he chlorophyll-a in the w
ater containing the scraped periphyton w
as m
easured 
DFFRUGLQJWR$3+$)LQDOO\WKHPDVVRIFKORURSK\OODSHUVTXDUHFHQWLPHWUHRI
glass slide w
as calculated by dividing the total chlorophyll-a content of the w
ater sam
ple 
by the area of the glass slide that w
as scraped.
1EGVSMRZIVXIFVEXIW
T
he diversity and abundance of m
acroinvertebrate organism
s w
ere m
onitored by using 
SHEEOHVWRQHEDVNHWVWKDWVHUYHGDVDUWLÀFLDOVXEVWUDWHV7ZRSHEEOHEDVNHWVFPê
FPêFPZHUHSODFHGRQWKHVHGLPHQW·VVXUIDFHRIHDFKPLFURFRVPZHHNVEHIRUH
the antibiotic treatm
ent. M
acroinvertebrates w
ere sam
pled 1 day before the start of the 
DQWLELRWLFWUHDWPHQWDQGRQGD\VDQGDIWHUWKHÀUVWDQWLELRWLFDSSOLFDWLRQ
7KHDUWLÀFLDOVXEVWUDWHVZHUHVDPSOHGDOWHUQDWHO\2QHDFKVDPSOLQJGD\RQHRIWKH
VXEVWUDWHVZDVJHQWO\OLIWHGIURPWKHVHGLPHQWDQGGLUHFWO\HQYHORSHGE\DQHWFPê
FPPHVKVL]HPP7KHVXEVWUDWHVZHUHJHQWO\VKDNHQLQVLGHRIWKHQHWWRFROOHFW
the invertebrates inhabiting the substrates. M
oreover, the net w
as passed through the 
ZDWHUFROXPQQH[WWRWKHWDQN·VZDOOFRYHULQJDSSUR[LPDWHO\RQHTXDUWHURIWKHZDOOV·
surface in order to catch sw
im
m
ing m
acroinvertebrates. T
he collected invertebrates 
ZHUHLQWURGXFHGLQDZKLWHSODVWLFWUD\ZKHUHWKH\ZHUHLGHQWLÀHGDQGFRXQWHGDOLYH
F
inally, the counted invertebrates w
ere released back into their original m
icrocosm
.
3VKERMGQEXXIVHIGSQTSWMXMSR
In order to study the effects of the antibiotic treatm
ent on m
icrobial organic m
atter 
decom
position, three litter bags containing approxim
ately 2 g of M
usa (banana) leaves 
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ZHUHLQWURGXFHGLQHDFKPLFURFRVPGD\EHIRUHWKHÀUVWDQWLELRWLFDSSOLFDWLRQ)LUVW
the banana leaves w
ere leached in tap w
ater for 2 days and dried in the oven at 70 °C
 for 
48 h. A
 know
n w
eight (approxim
ately 2 g) of the dried banana leaves w
as introduced 
into nylon bags (m
esh size: 0.5 m
m
). T
he litter bags w
ere suspended at an approxim
ate 
ZDWHUGHSWKRIFPLQWKHPLFURFRVPV2QHOLWWHUEDJZDVUHWULHYHGIURPHDFK
m
icrocosm
 on days 7, 14 and 28 after the start of the treatm
ent. T
he decom
posed 
m
aterial w
as dried at 70 °C
 for 48 h and w
eighted. T
he percentage of organic m
atter 
decom
position w
as calculated by com
paring the initial dry w
eight of the banana leaves 
EHIRUHLQWURGXFWLRQLQWRWKHPLFURFRVPVDQGWKHÀQDOGU\ZHLJKWDIWHUWKHLQFXEDWLRQ
period in the m
icrocosm
s.
1MGVSSVKERMWQW
C
hanges in bacterial com
m
unity structure present on leaf m
aterial and sedim
ent w
ere 
m
onitored after antibiotic application. M
usa leaves w
ere dried at 70 °C
 for 48 h and 
LQWURGXFHGLQWRQ\ORQEDJVPHVKVL]HPP7ZRQ\ORQEDJVZHUHKXQJDWFP
GHSWKLQHDFKPLFURFRVPVHYHQGD\VEHIRUHWKHÀUVWDQWLELRWLFDSSOLFDWLRQ7KHQ\ORQ
EDJVZHUHUHWULHYHGIURPWKHPLFURFRVPVRQGD\VDQGDIWHUWKHÀUVWDQWLELRWLF
application. T
he nylon bags w
ere opened and leaves w
ere carefully transferred into 
SODVWLFEDJV,QWHJUDWHGVHGLPHQWVDPSOHVFPZHUHFROOHFWHGIURPHDFKPLFURFRVP
RQGD\VDQGDIWHUWKHÀUVWDQWLELRWLFDSSOLFDWLRQDQGZHUHLQWURGXFHGLQWR
plastic bags. P
lastic bags containing the leaf and sedim
ent m
aterial w
ere frozen at í
20 
°C
 until further analysis.
T
hree leaf discs (1 cm
 diam
eter) w
ere taken from
 every leaf sam
ple collected, and 
a sub-sam
ple of 2 g w
as collected from
 the sedim
ent sam
ples for m
icroorganism
 
analysis. L
eaf discs and sedim
ent sub-sam
ples w
ere subjected to total D
N
A
 extraction, 
using the FastD
N
A
®
 Spin kit for Soil (M
P
 B
iom
edicals, Santa A
na, C
A
) according 
WRPDQXIDFWXUHU·VLQVWUXFWLRQV0LQFHUHWDO7KHTXDOLW\DQGTXDQWLW\RIWKH
isolated D
N
A
 w
ere checked by using a N
anodrop N
D
-100 spectrophotom
eter (T
herm
o 
6FLHQWLÀF6DQ-RVH&$%HIRUHXVLQJWKH'1$VDPSOHVLQIXUWKHUH[SHULPHQWVDQ
HTXDOGLOXWLRQZDVPDGHIRUDOOVDPSOHV7KH6U51$JHQHZDVSDUWLDOO\DPSOLÀHG
(V
1 to V
2 region) by polym
erase chain reaction (P
C
R
). P
C
R
 products w
ere analyzed by 
GHQDWXULQJJUDGLHQWJHOHOHFWURSKRUHVLV'**(DFFRUGLQJWR/LQHWDO%ULHÁ\
'**(ZDVSHUIRUPHGRQSRO\DFU\ODPLGHJHOVZLWKDGHQDWXUDQWJUDGLHQWIURPWR
GHQDWXULQJDFU\ODPLGHZDVGHÀQHGDV0XUHDDQGYYIRUPDPLGH
using a D
C
ode U
niversal M
utation D
etection System
 (B
io-R
ad, H
ercules, C
A
) (M
uyzer 
HWDO$OLTXRWVRIWKH3&5SURGXFWVZHUHORDGHGRQWKHJHODQGHOHFWURSKRUHVLV
ZDVFDUULHGRXWZLWKê7ULV²DFHWDWH²('7$EXIIHU&9IRUK7KHUHVXOWLQJ
gels w
ere silver-stained according to Sanguinetti et al. (1994) and scanned. F
inally, the 
B
ionum
erics softw
are version 4.61 (A
pplied M
aths, B
elgium
) (Tzeneva et al., 2008) w
as 
C
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XVHGIRU'**(EDQGGHWHFWLRQDQGEDQGLQWHQVLW\TXDQWLÀFDWLRQ7KHUHVXOWVRIWKLV
analysis w
ere used to assess total operational taxonom
ic units (O
T
U
s), as proxy for 
bacterial richness, and the relative intensity of the present bands, as a proxy for relative 
DEXQGDQFH5$RIGLIIHUHQW278V0DVVDQDDQG-UJHQV
4XDQWLWDWLYH3&5T3&5ZDVXVHGWRGHWHUPLQHWKHDEXQGDQFHRIWRWDOEDFWHULD6
rR
N
A
 gene), bacterial and archaeal am
m
onia oxidizers (am
oA
 gene) and nitrogen-
À[LQJEDFWHULDnifHJHQHLQWKHOHDIDQGVHGLPHQWVDPSOHV$OOT3&5UHDFWLRQVZHUH
SHUIRUPHGLQDZHOOSODWH%LR5DGXVLQJD&);5HDO7LPH3&5'HWHFWLRQ
System
 (B
io-R
ad). A
ll sam
ples w
ere analyzed in triplicate, and reactions w
ere carried 
RXWLQDWRWDOYROXPHRI/6LQJOHT3&5UHDFWLRQVZHUHSUHSDUHGXVLQJ/RI
iQ
 SY
B
R
 G
reen super m
ix (B
io-R
ad), 0.4 µL
 of forw
ard and reverse prim
ers (10 
0/RI%6$PJP//RI9LVL%OXH
T3&5PL[FRORUDQW7$7$$
B
iocentre) and 4 µL
 of D
N
A
 (1.25 µg/m
L
). P
rim
er com
binations and cycle conditions 
DUHGHVFULEHGLQ7DEOH$WWKHHQGRIHDFKT3&5UXQDPHOWLQJFXUYHDQDO\VLVZDV
SHUIRUPHGIURPWR&ZLWKDQLQFUHDVHRI&HYHU\V3XULW\RIWKHT3&5
products w
as checked by the observation of a single peak on the m
elting curve, w
hile 
FRUUHFWVL]HDPSOLÀFDWLRQZDVFRQÀUPHGRQDZYDJDURVHJHO)RUHDFKT3&5
reaction a standard curve com
prising 10 serial 10-fold dilutions of the target gene w
as 
created. Standards w
ere obtained by am
plifying the target genes from
 the follow
ing 
sources: E
scherichia coli (16S rR
N
A
 gene), N
itrososphaera viennensis (archaeal am
oA
 gene), 
N
itrosospira m
ultiform
is (bacterial am
oA
 gene) and P
seudom
onas stutzeri (bacterial nifH
 gene).
8EFPI4VMQIVWERHG]GPIGSRHMXMSRWYWIHMRXLIUYERXMXEXMZI4'6VIEGXMSRW
T
a
b
le
 1
T
a
rg
e
t g
e
n
e
P
rim
e
rs
C
y
c
le
 c
o
n
d
itio
n
s
R
e
fe
re
n
c
e
s
1
6
S
 rR
N
A
B
A
C
T
1
3
6
9
F
P
R
O
K
1
4
9
2
R
9
5qC
–
3
m
in
; 4
0
 c
y
c
le
s
 o
f 9
5
 qC
–
3
0
s
e
c
, 5
6
 qC
–
4
5
 s
e
c
, 7
2
 qC
 6
0
 s
e
c
.
S
u
z
u
k
i e
t a
l. (2
0
0
0
)
A
rc
h
a
e
a
l a
m
o
A
A
rc
h
-a
m
o
A
F
A
rc
h
-a
m
o
A
R
9
5qC
–
3
m
in
; 4
0
 c
y
c
le
s
 o
f 9
5
 qC
–
3
0
s
e
c
, 5
6
 qC
–
4
5
 s
e
c
, 7
2
 qC
 6
0
 s
e
c
.
F
ra
n
c
is
 e
t a
l. (2
0
0
5
)
B
a
c
te
ria
l a
m
o
A
a
m
o
A
-1
F
a
m
o
A
-2
R
9
5qC
–
3
m
in
; 4
0
 c
y
c
le
s
 o
f 9
5
 qC
–
3
0
s
e
c
, 5
5
 qC
–
4
5
 s
e
c
, 7
2
 qC
 6
0
 s
e
c
.
R
o
tth
a
u
w
e
 e
t a
l. (1
9
9
7
)
n
ifH
n
ifH
F
n
ifH
R
9
5qC
–
3
m
in
; 4
0
 c
y
c
le
s
 o
f 9
5
 qC
–
3
0
s
e
c
, 6
3
 qC
–
4
5
 s
e
c
, 7
2
 qC
 6
0
 s
e
c
.
R
ö
s
c
h
 e
t a
l. (2
0
0
2
)
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(EXEEREP]WMW
1RREVHUYHGHIIHFWFRQFHQWUDWLRQV12(&VZHUHFDOFXODWHGIRUDOOZDWHUTXDOLW\
param
eters, chlorophyll-a content of the phytoplankton and periphyton com
m
unity, 
organic m
atter decom
position data, and for all taxa of phytoplankton, zooplankton 
and m
acroinvertebrates. E
ffects w
ere considered to be consistent w
hen they show
ed 
VWDWLVWLFDOO\VLJQLÀFDQWGHYLDWLRQVSRLQWLQJLQWKHVDPHGLUHFWLRQIRUDWOHDVWWZR
consecutive sam
pling days or occurred on a single sam
pling day during or im
m
ediately 
after the treatm
ent period. T
he N
O
E
C
 calculations w
ere perform
ed by using the 
W
illiam
s test (W
illiam
s, 1972), w
hich assum
es a m
onotonic increasing effect w
ith 
increasing exposure dose. T
he W
illiam
s tests w
ere perform
ed w
ith the C
om
m
unity 
$QDO\VLVFRPSXWHUSURJUDPYHUVLRQ+RPPHQHWDOXVLQJDVLJQLÀFDQFH
level of 0.05. P
rior to the analysis, the species abundance data and the O
T
U
’s R
A
 
dataset w
ere ln(A
x +
 1) transform
ed, w
here x stands for the abundance value and A
x 
m
akes 2 by taking the low
est abundance value higher than zero for x. T
his w
as done in 
order to dow
n-w
eigh high abundance values and approxim
ate a norm
al distribution of 
the data (for rationale see V
an den B
rink et al., 2000).
T
he phytoplankton, zooplankton and m
acroinvertebrate datasets w
ere analyzed by the 
principal response curve (P
R
C
) m
ethod (V
an den B
rink and Ter B
raak, 1999) using 
the C
A
N
O
C
O
 Softw
are package, version 5 (Ter B
raak and Šm
ilauer, 2012). T
he P
R
C
 
PHWKRGLVDVSHFLÀFW\SHRIUHGXQGDQF\DQDO\VLV5'$WKDWLVDEOHWRH[SODLQWKH
variation in species com
position betw
een replicate m
icrocosm
s from
 the exposure to a 
stressor by including the treatm
ent regim
e as explanatory variable, and the interaction 
betw
een the treatm
ent regim
e and the sam
pling tim
es as covariables. T
he overall 
VLJQLÀFDQFHRIWKHDQWLELRWLFWUHDWPHQWUHJLPHRQWKHYDULDWLRQLQVSHFLHVFRPSRVLWLRQ
(pZDVWHVWHGE\SHUIRUPLQJ0RQWH&DUORSHUPXWDWLRQV9DQGHQ%ULQN
DQG7HU%UDDN7KHVLJQLÀFDQFHRIWKHDQWLELRWLFWUHDWPHQWUHJLPHSHUVDPSOLQJ
date w
as calculated by perform
ing single R
D
A
 perm
utation tests for the dataset of 
each sam
pling date separately using L
n-transform
ed treatm
ent concentrations as 
explanatory variable. F
inally, the N
O
E
C
 values at com
m
unity level w
ere calculated for 
each individual sam
pling date by applying W
illiam
s test to the sam
ple scores of the 
ÀUVWSULQFLSDOFRPSRQHQWRIHDFKVDPSOLQJGDWHIRUUDWLRQDOHVHH9DQGHQ%ULQNHWDO
1996).
7KHXVHRIWKH35&PHWKRGIRUWKHDQDO\VLVRIPLFURELDOGDWDUHTXLUHVSHUIHFWDOLJQPHQW
RIWKH'**(SURÀOHVREWDLQHGIURPGLIIHUHQWVDPSOHVZKLFKLVDODERULRXVDQG
GLIÀFXOWWDVNDQGSRWHQWLDOO\LQWURGXFHVDQH[WUDVRXUFHRIYDULDELOLW\WRWKHGDWDVHW/LQ
HWDO)RUWKLVUHDVRQWKHVWDWLVWLFDOVLJQLÀFDQFHRIWKHDQWLELRWLFWUHDWPHQWRQWKH
278DQG278·V5$GDWDVHWVGHULYHGIURPWKHEDFWHULDO'**(SURÀOHVZHUHDQDO\]HG
by R
D
A
s perform
ed for each sam
pling date separately using the L
n-transform
ed 
C
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treatm
ent concentrations as explanatory variables (M
onte C
arlo perm
utation test: 499 
perm
utations; p,QDGGLWLRQSULQFLSDOFRPSRQHQWDQDO\VLV3&$ELSORWVZHUH
constructed in order to graphically show
 the w
ithin treatm
ent variations. T
he P
C
A
 
and R
D
A
 analyses w
ere perform
ed using the C
A
N
O
C
O
 Softw
are package version 
5 (Ter B
raak and Šm
ilauer, 2012). B
acterial com
m
unity N
O
E
C
s w
ere calculated for 
each sam
pling date follow
ing the sam
e procedure as described above. T
he N
O
E
C
s 
for the total bacterial abundance, abundance of bacterial and archaeal am
oA
 gene, and 
abundance of the nifH
 gene w
ere calculated w
ith the W
illiam
s test (p:LOOLDPV
1972).
6IWYPXW
)\TSWYVIGSRGIRXVEXMSRW
0HDVXUHGHQURÁR[DFLQFRQFHQWUDWLRQVDIWHUWKHÀUVWDSSOLFDWLRQZHUHRQDYHUDJH
RIWKHLQWHQGHGFRQFHQWUDWLRQVUDQJH²)LJ%DVHGRQWKHHQURÁR[DFLQ
FRQFHQWUDWLRQVPHDVXUHGKDIWHUWKHÀUVWDSSOLFDWLRQDQGWKHHTXDWLRQVGHVFULEHG
LQ+RDQJHWDODÀUVWRUGHUKDOIGLVVLSDWLRQWLPH'7RIK
and a dissipation rate constant of 1.44 ±
 0.17 dí
1 (m
ean ±
 standard deviation) 
ZHUHFDOFXODWHG7KHFRQFHQWUDWLRQVRIHQURÁR[DFLQPHDVXUHGGD\VDIWHUWKHODVW
application w
ere below
 the detection lim
it, except for the treatm
ent w
ith 100 and 1000 
µg/L
, w
hich w
ere 1.8 and 292 µg/L
, respectively. O
ne w
eek after the last application, 
DOOPHDVXUHGHQURÁR[DFLQFRQFHQWUDWLRQVIHOOEHORZWKHGHWHFWLRQOLPLWH[FHSWIRUWKH
KLJKHVWWUHDWPHQWOHYHOJ/ZKLFKKDGDFRQFHQWUDWLRQRIJ/)LJ
7KHFDOFXODWHGGD\DYHUDJHFRQFHQWUDWLRQVRIHQURÁR[DFLQLQWKHWUHDWHGPLFURFRVPV
w
ere approxim
ately 0.7, 7, 69 and 686 µg/L
, for the low
est to the highest treatm
ent 
OHYHOUHVSHFWLYHO\(QURÁR[DFLQZDVUDSLGO\WUDQVIRUPHGLQWRFLSURÁR[DFLQ0HDVXUHG
FLSURÁR[DFLQFRQFHQWUDWLRQVKDIWHUWKHÀUVWHQURÁR[DFLQDSSOLFDWLRQZHUHRQ
DYHUDJHRIWKHDSSOLHGGRVH6HYHQGD\VDIWHUWKHODVWHQURÁR[DFLQDSSOLFDWLRQ
FLSURÁR[DFLQZDVGHWHFWHGRQO\LQWKHDQGJ/WUHDWPHQWVDWFRQFHQWUDWLRQV
of 1.1 and 40 µg/L
, respectively.
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*MKYVI1IEWYVIH[EXIVGSRGIRXVEXMSRWSJIRVSƉS\EGMRHSXWERHGMTVSƉS\EGMRXVMERKPIW
MRXLIHMƇIVIRXXVIEXQIRXWQIERsWXERHEVHHIZMEXMSR8LIƈKYVISRP]HMWTPE]WXLSWI
QIEWYVIHERXMFMSXMGGSRGIRXVEXMSRWXLEXI\GIIHIHXLIHIXIGXMSRPMQMXSJXLIEREP]XMGEP
QIXLSHwK08LIHEWLIHPMRIVITVIWIRXWXLIXLISVIXMGEPIRVSƉS\EGMRGSRGIRXVEXMSRMR
XLIQMGVSGSWQ[EXIVGEPGYPEXIH[MXLXLIƈVWXSVHIVLEPJHMWWMTEXMSRXMQIHIVMZIHJVSQXLI
TVIWIRXWXYH](8!L
;EXIVUYEPMX]TEVEQIXIVW
7KHGDLO\DYHUDJHZDWHUWHPSHUDWXUHLQWKHPLFURFRVPVUDQJHGEHWZHHQDQG&
during the experim
ental period. T
he w
ater tem
perature gradually increased after the 
WUHDWPHQWSHULRGUHDFKLQJDPD[LPXPZDWHUWHPSHUDWXUHRI&RQGD\DIWHU
WKHÀUVWDQWLELRWLFDSSOLFDWLRQ)LJ$DQG%$YHUDJH'2FRQFHQWUDWLRQVLQWKH
control m
icrocosm
s ranged betw
een 4.1 in the m
orning, to concentrations above the 
oxygen saturation level in the afternoon (average m
orning value: 5.5 m
g/L
; average 
DIWHUQRRQYDOXHPJ/2QGD\DIWHUWKHÀUVWDQWLELRWLFDSSOLFDWLRQPRUQLQJ
D
O
 concentrations dropped to critical levels (below
 2 m
g/L
) in som
e m
icrocosm
s. T
he 
average daily oxygen production in the control m
icrocosm
s (i.e., difference betw
een 
m
orning and afternoon concentration) w
as 8.4 m
g/L
, denoting a very high prim
ary 
productivity. A
 trend w
as observed tow
ards low
er D
O
 concentrations and low
er daily 
R[\JHQSURGXFWLRQLQWKHKLJKHVWWUHDWPHQWOHYHOJ/KRZHYHUVLJQLÀFDQW
differences w
ith the control treatm
ent w
ere only calculated for the oxygen production 
YDOXHVDIWHUWKHVHFRQGHQURÁR[DFLQSXOVH7DEOHDQG)LJ&DQG'7KHS+LQWKH
m
icrocosm
s ranged betw
een 8.0 and 10.7. A
lthough a decrease in the pH
 w
as observed 
in the highest treatm
ent level (1000 µg/L
) during the treatm
ent period, deviations to the 
FRQWUROVZHUHORZHUWKDQS+XQLWVDQGGLIIHUHQFHVZHUHQRWVWDWLVWLFDOO\VLJQLÀFDQW
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(T
able 2 and F
ig. 2). T
he m
easured E
C
 and alkalinity levels during the w
hole experim
ental 
SHULRGZHUH²VFPDQG²PJ&D&2
 /L
 (m
ean, m
inim
um
–
m
axim
um
), respectively. N
o treatm
ent-related effects could be dem
onstrated for these 
tw
o param
eters during the experim
ental period (T
able 2 and F
ig. 2F
).
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*MKYVI;EXIVUYEPMX]TEVEQIXIVH]REQMGWQIEWYVIHHYVMRKXLII\TIVMQIRXEPTIVMSH
8LIƈKYVIWWLS[XIQTIVEXYVI8QIEWYVIHIEVP]MRXLIQSVRMRKEQ%ERHPEXIMRXLI
EJXIVRSSRTQ&EJXIVRSSRHMWWSPZIHS\]KIR(3QIEWYVIQIRXW'ERHHMWWSPZIH
S\]KIRTVSHYGXMSRHMƇIVIRGIFIX[IIRQSVRMRKERHEJXIVRSSRPIZIPW(ERHEJXIVRSSRT,
)ERHIPIGXVMGGSRHYGXMZMX])'QIEWYVIQIRXW*8LIWLEHIHEVIEMRHMGEXIWXLIXVIEXQIRX
TIVMSH
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8EFPI2SSFWIVZIHIƇIGXGSRGIRXVEXMSRW23)'W;MPPMEQWXIWXTƄMRwK0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Ĺ LQFUHDVHĻ GHFUHDVH! QRVLJQLILFDQWHIIHFW12(&!
ȝJ/GXULQJWKHWUHDWPHQWSHULRGDQGRQHZHHNDIWHUWKHWUHDWPHQWSH
DSSOLFDWLRQZHUHDQGPJ/LQWKHKLJKHVWWUHDWPHQWOHYHOȝJ/DQG
Ĺ =
 increase, Ļ GHFUHDVH! QRVLJQLÀFDQWHIIHFW12(&!J/10 QRWPHDVXUHG
$PPRQLDFRQFHQWUDWLRQVVKRZHGDVLJQLÀFDQWLQFUHDVHDWWKHKLJKHVWWUHDWPHQWOHYHO
(1000 µg/L
) during the treatm
ent period, and one w
eek after the treatm
ent period (T
able 
DQG)LJ$7KHDYHUDJHDPPRQLDFRQFHQWUDWLRQVRQGD\VDQGDIWHUWKHÀUVW
DQWLELRWLFDSSOLFDWLRQZHUHDQGPJ/LQWKHKLJKHVWWUHDWPHQWOHYHO
J/DQGDQGLQWKHFRQWUROVUHVSHFWLYHO\1LWULWHFRQFHQWUDWLRQVZHUH
considerably higher in the control treatm
ent sam
ples than in the rest of the treatm
ents 
GXULQJWKHSUHWUHDWPHQWDQGWUHDWPHQWSHULRG)LJ%DQGZHUHIRXQGWRGHFUHDVH
LQWKHKLJKHVWWUHDWPHQWOHYHORQGD\VDQGDIWHUWKHÀUVWDQWLELRWLFDSSOLFDWLRQ
DOWKRXJKWKHGDWDGLGQRWVKRZVLJQLÀFDQWGLIIHUHQFHV1LWUDWHFRQFHQWUDWLRQVGXULQJ
the pre-treatm
ent and treatm
ent periods show
ed a high variability, w
ith considerably 
higher values in the control (0.4–0.5 m
g/L
) and in the low
est antibiotic treatm
ent 
²PJ/FRPSDUHGWRWKHRWKHUWUHDWPHQWV)LJ&7KLVYDULDELOLW\FRXOGEH
visually associated to different periphyton or phytoplankton dom
inating states in the 
PLFURFRVPV0LFURFRVPVZLWKKLJKTXDQWLWLHVRIÀODPHQWRXVDOJDHDGKHUHGWRWKH
w
alls of the tanks generally show
ed low
er dissolved nitrate concentrations. A
 trend w
as 
observed tow
ards low
er nitrate concentrations in the highest treatm
ent level during 
the antibiotic application period although, due to the high variability observed in the 
RWKHUWUHDWPHQWOHYHOVVLJQLÀFDQWGLIIHUHQFHVFRXOGQRWEHGHPRQVWUDWHG7DEOHDQG
)LJ&7RWDOSKRVSKRUXVFRQFHQWUDWLRQVUDQJHGEHWZHHQDQGPJ/GXULQJ
the w
hole experim
ental period (average: 0.24 m
g/L
), and did not show
 any treatm
ent-
UHODWHGVLJQLÀFDQWYDULDWLRQ7DEOH
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*MKYVI%QQSRME%RMXVMXI&RMXVEXI'ERHGLPSVSTL]PPE(H]REQMGWQIEWYVIH
HYVMRKXLII\TIVMQIRXEPTIVMSH8LIWLEHIHEVIEMRHMGEXIWXLIXVIEXQIRXTIVMSH
4L]XSTPEROXSRGSQQYRMX]
7KLUW\QLQHSK\WRSODQNWRQWD[DZHUHLGHQWLÀHGLQWKHFXUUHQWVWXG\EHORQJLQJ
to 
5 
different 
taxonom
ic 
groups 
C
hlorophyceae 
(20 
taxa), 
C
yanobacteria 
(8), 
%DFLOODULRSK\FHDH'HVPLGLDFHDH'LQRSK\FHDHDQG(XJOHQRSK\FHDH
T
he phytoplankton com
m
unity w
as dom
inated by a lim
ited num
ber of taxa, and 
m
any occurred in low
 densities (<
1 individual/m
L
) and/or w
ere only observed on a 
lim
ited num
ber of sam
pling days (T
able S1). T
he m
ost abundant phytoplankton taxa in 
decreasing order w
ere: C
hlorella sp. (C
hlorophyceae) and C
oelastrum
 sp. (C
hlorophyceae). 
T
he total phytoplankton abundance in the controls considerably decreased after the 
pre-treatm
ent period, how
ever, the relative abundance of species rem
ained relatively 
constant (F
ig. S1).
T
he total taxa richness observed on day 14 w
as slightly higher in all treated m
icrocosm
s 
FRPSDUHGWRWKHFRQWUROV7DEOHDQG)LJ6$7KHVHGLIIHUHQFHVKRZHYHURFFXUUHG
in one isolated sam
pling day and w
ere very sm
all (i.e., from
 11 taxa in controls to 
16 taxa in the 1000 µg/L
 treatm
ent level) and, hence, a clear dose–response effect 
UHODWLRQVKLSFRXOGQRWEHLGHQWLÀHG7KHZDWHUFRQFHQWUDWLRQRIFKORURSK\OODLQWKH
m
icrocosm
s w
as relatively high, indicating a high prim
ary productivity in the system
s, 
DQGLQFUHDVHGGXULQJWKHWUHDWPHQWSHULRG+RZHYHUVLJQLÀFDQWHIIHFWVRIWKHDQWLELRWLF
Chapter 5
E
F
F
E
C
T
S
 O
F
 T
H
E
 A
N
T
IB
IO
T
IC
 E
N
R
O
F
L
O
X
A
C
IN
 O
N
 T
H
E
 E
C
O
L
O
G
Y
  
O
F
 T
R
O
P
IC
A
L
 E
U
T
R
O
P
H
IC
 F
R
E
S
H
W
A
T
E
R
 M
IC
R
O
C
O
S
M
S
167
FRXOGQRWEHGHPRQVWUDWHG7DEOHDQG)LJ'7KHUHVXOWVRIWKH35&DQDO\VLV
GLGQRWVKRZVLJQLÀFDQWHIIHFWVRIWKHHQURÁR[DFLQWUHDWPHQWRQWKHFRPSRVLWLRQRI
the phytoplankton com
m
unity (p &RQVLVWHQWVWDWLVWLFDOO\VLJQLÀFDQWWUHDWPHQW
UHODWHGHIIHFWVZHUHFDOFXODWHGIRURQO\RXWRIWKHSK\WRSODQNWRQWD[D$S
cenedesm
us 
species show
ed a higher abundance at the three highest treatm
ent levels com
pared to 
WKHFRQWUROV7DEOHDQG)LJ6%&
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M
=
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o
t
m
easu
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, N
P
=
 n
o
t
p
resen
t (tax
a
n
o
t
p
resen
t in
th
e an
aly
zed
sam
p
les).
! QRVLJQLÀFDQWHIIHFW12(&!J/10 QRWPHDVXUHG13 QRWSUHVHQWWD[DQRWSUHVHQWLQWKHDQDO\]HG
sam
ples).
a 7KHQXPEHURILQGLYLGXDOVSHUVDPSOHZDVRQDYHUDJHORZHUWKDQLQGLYLGXDOP/ZKHQWKHVWDWLVWLFDOO\VLJQLÀFDQW
effect w
as observed.
b 7KHQXPEHURILQGLYLGXDOVSHUVDPSOHZDVRQDYHUDJHORZHUWKDQLQGLYLGXDOV/ZKHQWKHVWDWLVWLFDOO\VLJQLÀFDQW
effect w
as observed.
c7KHQXPEHURILQGLYLGXDOVZDVRQDYHUDJHORZHUWKDQSHUVDPSOHZKHQWKHVWDWLVWLFDOO\VLJQLÀFDQWGLIIHUHQFHZDV
observed.
6LJQLÀFDQWHIIHFWV0RQWH&DUORSHUPXWDWLRQWHVWp =
 0.05), but calculated N
O
E
C
 w
as higher than 1000 µg/L
.
Chapter 5
E
F
F
E
C
T
S
 O
F
 T
H
E
 A
N
T
IB
IO
T
IC
 E
N
R
O
F
L
O
X
A
C
IN
 O
N
 T
H
E
 E
C
O
L
O
G
Y
  
O
F
 T
R
O
P
IC
A
L
 E
U
T
R
O
P
H
IC
 F
R
E
S
H
W
A
T
E
R
 M
IC
R
O
C
O
S
M
S
169
4IVMTL]XSRFMSQEWW
T
he periphytonic chlorophyll-a density in the control m
icrocosm
s ranged betw
een 2 
and 7 µg/dm
2 of glass slide (F
ig. S5B
). O
n average, chlorophyll-a contents increased on 
GD\DIWHUWKHÀUVWDQWLELRWLFDSSOLFDWLRQRIWKHIRXUWUHDWPHQWV+RZHYHUWKHUHVXOWV
RIWKHXQLYDULDWHDQDO\VLVGLGQRWVKRZDVLJQLÀFDQWHIIHFWRIWKHDQWLELRWLFWUHDWPHQWRQ
the chlorophyll-a content at any of the sam
pling dates.
>SSTPEROXSRGSQQYRMX]
T
he sam
pled zooplankton com
m
unity consisted of 20 R
otifera taxa, 6 C
ladocera taxa, 
2 C
opepoda taxa and 1 O
stracoda taxon. T
he m
ost abundant taxa belonged to R
otifera 
(i.e., B
rachionus angularis, F
ilinia longiseta, B
rachionus caudatus, H
ex
athra sp., P
loesom
a sp., 
%UDFKLRQXVFDO\FLÁRUXV, P
olyarthra vulgaris, and T
richocerca sp.) and C
opepoda (i.e., nauplii 
stages and cyclopoids) (T
able S2). T
he control m
icrocosm
s w
ere dom
inated by 
cyclopoid copepods, the rotifers P
loesom
a sp., P
. vulgaris, B
. angularis, and the cladoceran 
C
eriodaphnia 
reticulata. D
uring the experim
ental period, the relative abundance of 
C
opepoda, C
ladocera, and 
P
loesom
a 
sp., decreased. T
he num
bers of the 
B
rachionus 
rotifers increased sharply during the last 2 w
eeks of the experim
ental period, probably 
due to the increased w
ater tem
peratures, and resulted in a notable increase of the total 
zooplankton abundance (F
ig. S1).
7KHUHVXOWVRIWKH35&DQDO\VLVGLGQRWVKRZVLJQLÀFDQWHIIHFWVRIWKHHQURÁR[DFLQ
treatm
ent on the zooplankton com
m
unity (p 6LJQLÀFDQWXQLYDULDWHUHVSRQVHV
w
ere calculated for 8 taxa, but only one species (C
. reticulata) show
ed a consistent response 
7DEOHC
. reticulataDEXQGDQFHZDVVLJQLÀFDQWO\ORZHULQWKHWUHDWHGPLFURFRVPVWKDQ
in the controls after the start of the treatm
ent. H
ow
ever, such differences w
ere already 
DSSUHFLDEOHLQWKHSUHWUHDWPHQWSHULRG)LJ6'
1EGVSMRZIVXIFVEXIGSQQYRMX]
'XULQJWKHH[SHULPHQWDOSHULRGGLIIHUHQWPDFURLQYHUWHEUDWHWD[DZHUHLGHQWLÀHGWKH
m
ajority of w
hich belonged to Insecta (11 taxa), follow
ed by M
ollusca (5) and A
nnelida 
7DEOH67KHPRVWDEXQGDQWJHQHUDLQGHFUHDVLQJRUGHUZHUH&KLURQRPLGDH
M
icronecta sp., and N
otonectidae. T
he relative abundance of these three taxa in the 
control m
icrocosm
s rem
ained relatively constant during the experim
ental period. T
he 
total m
acroinvertebrate abundance w
as generally low
 in the pre-treatm
ent period and in 
the last 2 w
eeks of the experim
ental period (F
ig. S1).
T
he total m
acroinvertebrate taxa in all the treatm
ent levels slightly decreased during 
WKHH[SHULPHQWDOSHULRG7KHUHVXOWVRIWKH35&DQDO\VLVGLGQRWVKRZDVLJQLÀFDQW
HIIHFWRIWKHHQURÁR[DFLQWUHDWPHQWRQWKHPDFURLQYHUWHEUDWHFRPPXQLW\p 
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7KHUHVXOWVRIWKHXQLYDULDWHDQDO\VLVLQGLFDWHGDVLJQLÀFDQWLQFUHDVHLQWKHDEXQGDQFH
of tw
o snail species (M
elanoides tuberculata and P
hysella acutaLQWKHKLJKHVWHQURÁR[DFLQ
WUHDWPHQWOHYHOJ/7DEOH+RZHYHUWKHVHVLJQLÀFDQWHIIHFWVZHUHREVHUYHG
on isolated sam
pling dates and the abundance of these species in the m
icrocosm
 
sam
ples w
as very low
 (F
ig. S4B,C
).
3VKERMGQEXXIVHIGSQTSWMXMSR
T
he decom
position of the M
usaOHDYHVLQWKHFRQWUROPLFURFRVPVZHUHDQG
DIWHUDQLQFXEDWLRQSHULRGRIDQGZHHNVUHVSHFWLYHO\)LJ6$7KHUHVXOWV
of the univariate analysis did not show
 treatm
ent-related effects on the percentage of 
decom
position in any of the sam
pling dates. It m
ust be noted, how
ever, that in som
e 
instances m
acroinvertebrates (e.g. C
hironom
idae) w
ere found to be feeding on the 
OHDYHVZKLFKFRXOGKDYHLQÁXHQFHGWKHOHDIEUHDNGRZQ
1MGVSSVKERMWQGSQQYRMX]
7KH5'$DQDO\VLVLQGLFDWHGVLJQLÀFDQWHIIHFWVRIWKHDQWLELRWLFWUHDWPHQWRQWKHEDFWHULDO
O
T
U
s and the R
A
 of O
T
U
s in the M
usa leaf sam
ples at the end of the treatm
ent period 
(day 7) and one w
eek after the antibiotic treatm
ent (day 14), w
ith calculated N
O
E
C
s 
RIJ/IRUERWKGDWDVHWVDQGERWKVDPSOLQJGDWHV7DEOHDQG)LJ$7KH
total bacteria and the nifH
 gene abundance in the leaf sam
ples of the highest treatm
ent 
OHYHOGHFUHDVHGRQGD\DIWHUWKHÀUVWDQWLELRWLFDSSOLFDWLRQ)LJ6$(KRZHYHUWKH
abundance of the bacterial and archaeal am
oAJHQHGLGQRWVKRZVLJQLÀFDQWWUHDWPHQW
UHODWHGHIIHFWV)LJ6&'DQG7DEOH
A
.
R
A
 O
T
U
s lea
f sa
m
p
les (d
a
y
 1
4
)
B
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*MKYVI4VMRGMTEPGSQTSRIRXSVHMREXMSRHMEKVEQWSJXLI6IPEXMZI%FYRHERGI6%SJXLI
3TIVEXMSREP8E\SRSQMG9RMXW389WHEXEWIXWHIVMZIHJVSQXLI(++)TVSƈPIWJSVXLIPIEJ%
ERHWIHMQIRX&WEQTPIWGSPPIGXIHSRHE]8LIGEPGYPEXIH23)'WEVITVIWIRXIHMR8EFPI
8LIPIXXIVW%ERH&MRXLIKVETLWVIJIVXSXLIX[SVITPMGEXIWMRIEGLXVIEXQIRXPIZIP
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T
he R
D
A
 analysis on the bacterial O
T
U
s in the sedim
ent sam
ples did not show
 any 
treatm
ent-related effects. T
he sedim
ent bacterial O
T
U
s’ R
A
 dataset only show
ed 
VLJQLÀFDQWDQWLELRWLFUHODWHGHIIHFWVIRUWKHVDPSOHVFROOHFWHGZHHNDIWHUWKHDQWLELRWLF
treatm
ent using the M
onte C
arlo perm
utation test, but the calculated N
O
E
C
 w
as 
KLJKHUWKDQJ/7DEOHDQG)LJ%7KHWRWDODEXQGDQFHRIEDFWHULDLQWKH
VHGLPHQWVDPSOHVGLGQRWVKRZVLJQLÀFDQWWUHDWPHQWUHODWHGHIIHFWV)LJ6%$
VLJQLÀFDQWGHFUHDVHZDVREVHUYHGLQWKHam
oA
 gene abundance during and after the 
antibiotic treatm
ent, w
ith calculated N
O
E
C
s of 10 µg/L
 and below
 1 µg/L
 for the 
VHGLPHQWEDFWHULDDQGDUFKDHDFRPPXQLWLHVUHVSHFWLYHO\7DEOHDQG)LJ$DQG%
$VLJQLÀFDQWGHFUHDVHRIWKHEDFWHULDOnifH
 gene abundance w
as only observed at the 
highest treatm
ent level on the sedim
ent sam
ples collected 1 w
eek after the antibiotic 
WUHDWPHQW)LJ6)DQG7DEOH
ϭ ϭϬ
ϭϬϬ
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(MWGYWWMSR
(MWWMTEXMSRSJIRVSƉS\EGMR
7KHUHVXOWVRIRXUH[SHULPHQWVKRZHGWKDWWKHGLVVLSDWLRQRIHQURÁR[DFLQIURPWKH
ZDWHUFROXPQDQGWKHIRUPDWLRQRILWVE\SURGXFWFLSURÁR[DFLQZHUHTXLFNSURFHVVHV
6HYHUDOVHPLÀHOGVWXGLHVKDYHGHPRQVWUDWHGWKDWSKRWRGHJUDGDWLRQDQGVRUSWLRQWR
RUJDQLFPDWWHUDUHWKHPDLQSURFHVVHVLQÁXHQFLQJWKHGLVVLSDWLRQRIÁXRURTXLQRORQH
antibiotics from
 surface w
aters (C
ardoza et al., 2005 and K
napp et al., 2005). K
napp 
HWDOHYDOXDWHGWKHGLVVLSDWLRQDQGWUDQVIRUPDWLRQRIHQURÁR[DFLQXQGHU
different light conditions (i.e., full-light exposure, partial shading, and alm
ost com
plete 
shading) in a m
esocosm
 experim
ent perform
ed during autum
n in K
ansas (U
SA
). 
7KHHQURÁR[DFLQ'7FDOFXODWHGE\.QDSSHWDODSSUR[LPDWHO\KLQWKH
m
esocosm
s w
ith full-light exposure w
as slightly higher than the value calculated in our 
experim
ent (D
T
50 =
 11.7 h), suggesting that tropical environm
ental conditions favour 
WKHGLVVLSDWLRQRIHQURÁR[DFLQIURPWKHDTXDWLFHQYLURQPHQWSUREDEO\GXHWRKLJKHU
photodegradation.
)RVSƉS\EGMRIƇIGXWSRTVMQEV]TVSHYGIVW
In our experim
ent, the phytoplankton com
m
unity and the biom
ass of the established 
SHULSK\WRQFRPPXQLW\GLGQRWVKRZDVLJQLÀFDQWUHVSRQVHWRWKHDQWLELRWLFWUHDWPHQW
L
aboratory toxicity studies have reported short-term
 grow
th inhibition E
C
50 values for 
HQURÁR[DFLQDQGFLSURÁR[DFLQLQWKHUDQJHRI²J/IRUF\DQREDFWHULDM
icrocystis 
aeruginosa and $QDEDHQDÁRVDTXDHDQG²J/IRUJUHHQDOJDHP
seudok
irchneriella 
subcapitata and D
esm
odesm
us subspicatus) (R
obinson et al., 2005 and E
bert et al., 2011). 
W
ilson et al. (2004) found a concentration-dependent reduction in the abundance and 
species richness of phytoplankton, w
ith cyanobacteria and cryptophyta/dinophyta 
being the m
ost affected populations, in m
icrocosm
s that w
ere chronically exposed 
to a m
ixture of four tetracycline antibiotics, w
hich have a sim
ilar toxicity to prim
ary 
SURGXFHUVWKDQÁXRURTXLQRORQHDQWLELRWLFV3DUNDQG&KRL7KHVLJQLÀFDQW
effects observed by W
ilson et al. (2004) 7 days after the start of the treatm
ent period 
occurred in the m
icrocosm
s that w
ere exposed to an antibiotic concentration that w
as 
²WLPHVORZHUWKDQWKHKLJKHVWHQURÁR[DFLQFRQFHQWUDWLRQWHVWHGLQRXUVWXG\2Q
WKHEDVLVRIWKLVGDWDZHH[SHFWHGWRÀQGDGHFOLQHRIWKHF\DQREDFWHULDOSRSXODWLRQ
LQWKHPLFURFRVPVZLWKWKHKLJKHVWHQURÁR[DFLQFRQFHQWUDWLRQDQGDSRWHQWLDOVKLIWLQ
the overall phytoplanktonic com
m
unity structure, how
ever, such trend could not be 
LGHQWLÀHG$SRWHQWLDOH[SODQDWLRQIRUWKHDEVHQFHRIHIIHFWVRQWKHSK\WRSODQNWRQ
com
m
unity in our experim
ent could be related to the high w
ater pH
 m
easured in 
WKHPLFURFRVPV(QURÁR[DFLQLVDZHDNDFLGDQGWKHS+UDQJHPHDVXUHGLQWKHWHVW
m
icrocosm
s w
as rather alkaline (8.0–10.7). B
ased on the ionic com
ponent distributions 
VKRZQLQ.LPHWDODERXW²RIWKHFRPSRXQGFRXOGKDYHUHPDLQHGLQ
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its anionic form
 during the experim
ental period. Several studies have dem
onstrated that 
the bioaccum
ulation and toxicity of ionizable organic substances decreases w
hen the 
m
olecule is in its ionized form
 (R
endal et al., 2011 and references therein). For exam
ple, 
Fahl et al. (1995) found that the toxicity of chlorsulfuron, an ionizable herbicide, on 
C
hlorella fusca grow
th w
as enhanced 25-fold by low
ering the pH
 of the grow
th m
edium
 
IURPWRDQG.LPHWDOIRXQGWKDWWKHWR[LFLW\RIHQURÁR[DFLQDQG
FLSURÁR[DFLQWRD
aphnia m
agna increased in w
aters w
ith low
er pH
. T
hus, studies aim
ed 
DWDVVHVVLQJWKHHIIHFWVRIS+RQWKHWR[LFLW\RIHQURÁR[DFLQDQGRWKHULRQL]DEOH
antibiotics on prim
ary producers, especially cyanobacteria, are recom
m
ended in order 
WRFRQÀUPWKLVK\SRWKHVLVDQGWRTXDQWLI\WKHYDULDELOLW\RIWKHVHQVLWLYLW\WRDQWLELRWLF
exposure under different pH
 ranges. A
nother potential explanation for the lack of 
effects on prim
ary producers resides in the dom
inance of C
hlorophyceae species and 
the variability observed in the occurrence and abundance of potentially sensitive taxa 
(cyanobacteria) in the studied m
icrocosm
s. D
aam
 and V
an den B
rink (2011) argued 
that the phytoplankton com
m
unity structure of tropical ecosystem
s largely depends 
on seasonally related w
eather conditions. A
nd cyanobacterial taxa, typically M
icrocystis, 
tends to dom
inate during situations of nutrient scarcity and/or light lim
itations, the 
latter m
ost com
m
only occurring during the rainy season. T
herefore, in order to better 
observe potential phytoplankton structure dam
ages by antibiotic exposure under 
WURSLFDOFRQGLWLRQVIXUWKHUVHPLÀHOGWHVWVZLWKF\DQREDFWHULDGRPLQDWHGV\VWHPV
during rainy season are recom
m
ended.
)RVSƉS\EGMRIƇIGXWSRMRZIVXIFVEXIW
T
he analysis of the zooplankton and m
acroinvertebrate com
m
unities did not show
 a 
VLJQLÀFDQWUHVSRQVHWRWKHHQURÁR[DFLQDSSOLFDWLRQ6SRUDGLFVLJQLÀFDQWUHVSRQVHVRI
certain taxa w
ere observed, but w
ere isolated and did not show
 a concentration response 
relationship. A
cute toxicity studies w
ith freshw
ater cladocerans and m
acroinvertebrates 
show
 acute E
C
50 values higher than 50 m
g/L
 (Park and C
hoi, 2008 and R
ico et al., 
/RQJWHUPVWXGLHVDVVHVVLQJWKHHIIHFWVRIHQURÁR[DFLQDQGFLSURÁR[DFLQRQ
reproduction (Park and C
hoi, 2008) and life-history traits (M
artins et al., 2012) of 
D
aphnia m
agna found N
O
E
C
 values higher than the highest antibiotic concentration 
tested in our study. F
urtherm
ore, previous m
icrocosm
 experim
ents perform
ed in 
tem
perate regions have not been able to identify negative responses of invertebrate 
com
m
unities to environm
entally relevant antibiotic exposure concentrations (W
ilson 
et al., 2004 and M
aul et al., 2006). T
herefore, based on the available literature and the 
UHVXOWVRIWKLVVWXG\ZHFDQFRQFOXGHWKDWWURSLFDODQGWHPSHUDWHDTXDWLFLQYHUWHEUDWH
FRPPXQLWLHVDUHKLJKO\WROHUDQWWRHQURÁR[DFLQXQGHUUHDOLVWLFH[SRVXUHFRQGLWLRQVLH
several m
icrogram
s per litre).
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)RVSƉS\EGMRIƇIGXWSRQMGVSSVKERMWQWERHIGSW]WXIQQIXEFSPMWQ
(QURÁR[DFLQFOHDUO\DIIHFWHGWKHVWUXFWXUHRIOHDIDVVRFLDWHGEDFWHULDOFRPPXQLWLHVDQG
reduced bacterial abundance at concentrations higher than 100 µg/L
, how
ever, little or 
QRHIIHFWVZHUHLGHQWLÀHGIRUWKHVHGLPHQWEDFWHULDOFRPPXQLW\7DEOH2EVHUYHG
differences betw
een the sensitivity of both bacterial com
m
unities could be related to 
differences in exposure patterns and characteristics of these bacterial com
m
unities. 
7KHEDFWHULDOFRPPXQLW\RIRXUFPGHSWKLQWHJUDWHGVHGLPHQWVDPSOHVPLJKW
have been exposed to a gradient of antibiotic exposure concentrations (from
 higher 
concentrations in the top layer, to low
er concentrations in the bottom
 layers) and 
environm
ental conditions (from
 aerobic conditions in the top layer, to less aerobic or 
anaerobic conditions in the deeper layers). T
he higher richness of the sedim
ent bacterial 
com
m
unity com
pared to the leaf one (as show
n by the num
ber of O
T
U
s in the D
G
G
E
 
SURÀOHV7DEOH6DQG)LJ6PLJKWPDNHWKHPPRUHUHVLOLHQWWRDQWLELRWLFH[SRVXUH
*LUYDQHWDODQGLVOLNHO\WRKDPSHUWKHLGHQWLÀFDWLRQRIHIIHFWVRQOHVVGRPLQDQW
species due to the fact that D
G
G
E
 in general only allow
s to analyze populations 
RIDWOHDVWLQUHODWLYHDEXQGDQFH0X\]HUHWDO.QDSSHWDOGLG
QRWÀQGVLJQLÀFDQWHIIHFWVRIHQURÁR[DFLQRQZDWHUOLYLQJEDFWHULDOFRPPXQLWLHVLQ
m
icrocosm
s exposed to a single dose of 25 µg/L
, but suggested that effects could 
be m
ore prom
inent on organic m
atter surfaces, w
here prolonged exposures are m
ore 
likely, as show
n in our study. M
aul et al. (2006) dem
onstrated a shift in carbon source 
utilization of leaf-associated m
icrobial com
m
unities repeatedly exposed for 12 days 
WRJ/RIFLSURÁR[DFLQ,QRXUVWXG\WKHDOWHUDWLRQRIWKHEDFWHULDOFRPPXQLW\
VWUXFWXUHDQGGHFUHDVHLQWRWDOEDFWHULDODEXQGDQFHREVHUYHGDWWKHKLJKHVWHQURÁR[DFLQ
FRQFHQWUDWLRQGLGQRWLQÁXHQFHWKHRUJDQLFPDWWHUGHFRPSRVLWLRQUDWHVLQWKHOHDI
VDPSOHVKRZHYHUVXFKWUHQGFRXOGKDYHEHHQPDVNHGE\WKHLQÁXHQFHRILQYHUWHEUDWHV
on the leaf breakdow
n. T
herefore, w
e recom
m
end to include such endpoint in further 
m
icrocosm
 experim
ents w
ith antim
icrobial substances, but to low
er the m
esh size of 
WKHOLWWHUEDJVFRQWDLQLQJWKHGHFRPSRVLQJPDWHULDOWRPRUOHVVWRSUHYHQWDQ\
interaction w
ith invertebrates.
O
ur study dem
onstrated that sedim
ent bacterial and archaeal am
m
onia oxidizers are 
KLJKO\VHQVLWLYHWRHQURÁR[DFLQ12(& DQGJ/UHVSHFWLYHO\DQGDFDXVDO
OLQNZLWKWKHLUQLWULÀFDWLRQIXQFWLRQFRXOGEHGHPRQVWUDWHGVKRZLQJDQLQFUHDVHLQ
the am
m
onia concentrations and a trend tow
ards inhibition of the nitrate form
ation 
during the antibiotic exposure period at 1000 µg/L
. Several studies have dem
onstrated 
WKDWQLWULÀFDWLRQLVODUJHO\LQKLELWHGLQDTXDWLFV\VWHPVH[SRVHGWRWKHUDSHXWLFGRVHV
RIDQWLELRWLFVXVHGLQDTXDFXOWXUHVHYHUDOPJ/VXJJHVWLQJSRWHQWLDOWR[LFHIIHFWV
IRUDTXDWLFRUJDQLVPVGXHWRWKHDFFXPXODWLRQRIDPPRQLD.ODYHUDQG0DWWKHZV
1994 and N
ym
enya et al., 1999). N
ym
enya et al. (1999) estim
ated that am
m
onia 
R[LGDWLRQDQGQLWUDWHSURGXFWLRQZLOOEHUHGXFHGE\DERXWDQGUHVSHFWLYHO\
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ZLWKLQKE\HQURÁR[DFLQFRQFHQWUDWLRQVRIPJ/7KLVPLJKWH[SODLQWKHFKDQJHV
in nutrient concentrations observed at the highest treatm
ent level of our experim
ent. 
D
espite the reduction in sedim
ent-born am
m
onia oxidizing m
icroorganism
s that 
ZDVREVHUYHGDWDOPRVWDOOWUHDWPHQWOHYHOVDVLJQLÀFDQWLQFUHDVHLQWKHPLFURFRVP
am
m
onia concentrations w
as only dem
onstrated for the m
icrocosm
s exposed to 
1000 µg/L
, returning to levels sim
ilar to controls w
ithin 2 w
eeks after the treatm
ent. 
T
his suggests that w
ater-living m
icroorganism
s (w
hich w
ere not evaluated) could have 
recovered faster than sedim
ent m
icroorganism
s (potentially due to a low
er exposure and 
dam
age), denoting a high resilience of the w
hole w
ater–sedim
ent m
icrobial com
m
unity 
DQGDIDVWUHFRYHU\IURPDQWLELRWLFH[SRVXUH,QFRQFOXVLRQRXUVWXG\FRQÀUPVWKDW
PLFURELDOIXQFWLRQVVXFKDVQLWULÀFDWLRQPLJKWEHDIIHFWHGLQDTXDWLFV\VWHPVH[SRVHG
WRWKHUDSHXWLFFRQFHQWUDWLRQVRIHQURÁR[DFLQVXFKDVWKRVHXVHGLQDTXDFXOWXUHEDWK
WUHDWPHQWVEXWDUHQRWOLNHO\WREHDIIHFWHGLQQDWXUDODTXDWLFHFRV\VWHPVWKDWDUHH[SRVHG
WRDQWLELRWLFUHVLGXDOFRQFHQWUDWLRQVZKLFKW\SLFDOO\DUH²RUGHUVRIPDJQLWXGHORZHU
than therapeutic concentrations (R
ico and V
an den B
rink, 2014).
7XYH]PMQMXEXMSRW
7RRXUNQRZOHGJHWKLVLVWKHÀUVWVWXG\WKDWHYDOXDWHGWKHIDWHDQGHFRORJLFDOHIIHFWV
of an antibiotic in tropical freshw
ater m
odel ecosystem
s. T
he experim
ental set-
up and m
ethodological approach follow
ed the recom
m
endations provided for the 
ecotoxicological assessm
ent of pesticides in tropical m
icrocosm
s (see D
aam
 and V
an 
den B
rink, 2011). H
ow
ever, w
e found som
e lim
itations that are w
orth to discuss in 
order to im
prove the m
ethodological approach for testing the ecological effects of 
antibiotics. For exam
ple, nutrient additions have been recom
m
ended in order to sustain 
the plankton-dom
inated status of tropical m
odel ecosystem
s (D
aam
 and V
an den 
B
rink, 2011). In our experim
ent, biw
eekly pulsed nutrient (nitrogen and phosphorus) 
applications w
ere perform
ed, w
hich could have m
asked the antibiotic effects on nitrogen 
transform
ation rates. In addition, aeration w
as constantly supplied to prevent tem
perature 
VWUDWLÀFDWLRQLQWKHPLFURFRVPZDWHUXQGHUVXFKKRWFRQGLWLRQVDQGWRDYRLGFULWLFDO
oxygen drops at night. W
e believe that such nutrient applications and aeration system
 
w
ere crucial to m
aintain the planktonic com
m
unities in such eutrophic system
s, but 
could have ham
pered the observation of effects on m
icrobial functional endpoints and 
ecosystem
 m
etabolism
 (e.g. nitrogen transform
ation, m
icrobial respiration and aerobic 
organic m
atter m
ineralization). T
his suggests that w
orst-case effects of antibiotics in 
ecosystem
 functional endpoints should be better evaluated in less eutrophic system
s 
and during the rainy season in w
hich, as discussed previously, solar radiation and w
ater 
tem
peratures are low
er and the dom
inance of sensitive cyanobacteria is m
ore likely. In 
DGGLWLRQWKHPHWDEROLVPRIEDFWHULDLVNQRZQWREHJHQHUDOO\KLJKHULQWURSLFDODTXDWLF
HFRV\VWHPVZLWKKLJKWHPSHUDWXUHV$PDGRHWDODQGWKHUHFRYHU\SRWHQWLDORI
m
icroorganism
s exposed to non-selective bacteriostatic com
pounds is also expected 
C
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to be higher, supporting the use of low
er tem
perature system
s to observe m
icrobial-
related effects.
'XULQJWKHÀUVWWKUHHZHHNVRIWKHSUHWUHDWPHQWSHULRGDERXWRIWKHPLFURFRVP
w
ater w
as exchanged biw
eekly in order to hom
ogenize the m
icrocosm
s, how
ever, this 
turned out to be not enough to prevent differences in dom
inating periphyton and 
suspended algae taxa that com
peted for light and nutrients. W
e tried to avoid that 
E\H[FKDQJLQJPRUHWKDQRIWKHPLFURFRVPZDWHUGXULQJWKHZHHNEHIRUHWKH
antibiotic treatm
ent. H
ow
ever, after a few
 days the m
icrocosm
s often returned to their 
RULJLQDOVWDWHV7KLVSUREDEO\LQÁXHQFHGWKHGLYHUVLW\RIWKHSODQNWRQLFDQGPLFURELDO
com
m
unities in the m
icrocosm
s (data not show
n) and increased the variability betw
een 
replicates, low
ering the pow
er of the statistical test. T
herefore, future experim
ents 
should try to provide intensive m
ixing during the w
hole pre-treatm
ent period (m
ore 
WKDQLISRVVLEOHHYHU\²GD\VDQGLQFUHDVHUHSOLFDWLRQ
8LVIWLSPHGSRGIRXVEXMSRWERHMQTPMGEXMSRWJSVVMWOEWWIWWQIRX
O
f all endpoints investigated in the current study, the abundance of bacterial and 
archaeal am
m
onia oxidizers w
as found to be the m
ost sensitive endpoint (N
O
E
C
s of 
10 and <
1 µg/L
, respectively). T
herefore, according to the results of this study, the 
FXWRIIYDOXHXVHGLQWKHÀUVWWLHUULVNDVVHVVPHQWRIYHWHULQDU\PHGLFLQDOSURGXFWV
J/9,&+SURYLGHVDVXIÀFLHQWSURWHFWLRQOHYHOIRUSODQWDQGLQYHUWHEUDWH
DTXDWLFFRPPXQLWLHVDQGPLFURELDODVVRFLDWHGIXQFWLRQLHQLWULÀFDWLRQEXWIDLOVWR
protect the relative abundance of im
portant m
icrobial groups in sedim
ents. M
ost of 
the second-tier threshold concentrations derived from
 toxicity data for standard test 
VSHFLHVDQGDVVHVVPHQWIDFWRUVDSSHDUWRHQVXUHDVXIÀFLHQWSURWHFWLRQOHYHOIRUDTXDWLF
SULPDU\SURGXFHUVLQYHUWHEUDWHDQGPLFURRUJDQLVPFRPPXQLWLHVDQGIRUQLWULÀFDWLRQ
w
hereas the threshold concentration derived from
 toxicity data for M
icrocystis aeruginosa 
(0.49 µg/L
) ensures the m
ost conservative protection for key sedim
ent m
icroorganism
s 
LHQLWULÀHUV7DEOH7DEOHDOVRVKRZVWKDWWKHWKUHVKROGFRQFHQWUDWLRQGHULYHGIURP
the lum
inescence inhibition test perform
ed w
ith the m
arine bacterium
 9LEULRÀVFKHUL, 
ZKLFKLVRIWHQXVHGDVVXUURJDWHIRUDTXDWLFEDFWHULDOFRPPXQLWLHVLQULVNDVVHVVPHQWV
GRHVQRWUHVXOWLQDVXIÀFLHQWOHYHORISURWHFWLRQIRUDOODTXDWLFEDFWHULDOWD[DDQG
probably neither for m
icrobial-associated functions. A
ccording to the results of this 
study, an assessm
ent factor of at least 10 is recom
m
ended w
hen safe concentrations 
are calculated from
 m
edian H
C
5 values (hazardous concentration for the 5th sensitivity 
percentile of species) derived w
ith species sensitivity distributions (SSD
s) for prim
ary 
producers, including species of green algae and cyanobacteria (T
able 4).
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8EFPI8LVIWLSPHGSRGIRXVEXMSRWJSVIRVSƉS\EGMRHIVMZIHJVSQPEFSVEXSV]XS\MGMX]HEXE
JSVFEGXIVMETVMQEV]TVSHYGIVWMRZIVXIFVEXIWERHƈWL8LIPEWXGSPYQRMRHMGEXIW[LIXLIV
XLIWIXLVIWLSPHGSRGIRXVEXMSRWEVITVSXIGXMZISVRSXJSVXLIEFYRHERGISJEQQSRMES\MHM^MRK
QMGVSFIWGEPGYPEXIH23)' wK0ERHXLIMVEWWSGMEXIHIGSPSKMGEPJYRGXMSRGEPGYPEXIH
23)'!wK0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 m
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h
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e b
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EHORZWKHȝJ/UDQJH6RPHVWXGLHVKRZHYHUKDYHPHDVXUHGFRQFHQWUDWLRQVXS
WRVHYHUDOȝJ/LQULYHUVLPSDFWHGE\DTXDFXOWXUHSROOXWLRQ
a$VVHVVPHQWIDFWRUVIRUVWDQGDUGWHVWVSHFLHVRISULPDU\SURGXFHUVLQYHUWHEUDWHVDQGÀVKEDVHGRQWKHLQWHUQDWLRQDO
guidelines for the environm
ental risk assessm
ent of veterinary m
edicinal products (V
IC
H
 2004). T
he assessm
ent factors 
for the bacteria IC
50 and for the H
C
5 for species assem
blages w
ere based on authors’ judgem
ent. 
b Park and C
hoi (2008). 
c R
obinson et al. (2005). 
d R
ico et al. (2014).
7KHPDMRULW\RIWKHÁXRURTXLQRORQHDQWLELRWLFFRQFHQWUDWLRQVPRQLWRUHGLQWURSLFDO
surface w
aters are below
 the µg/L
 range. Som
e studies, how
ever, have m
easured 
FRQFHQWUDWLRQVXSWRVHYHUDOJ/LQULYHUVLPSDFWHGE\DTXDFXOWXUHSROOXWLRQ5LFR
HWDODQGLQHIÁXHQWVRIDQLPDOIDUPVDQGKRVSLWDOVVHH6X]XNLDQG+RD
IRUDUHYLHZ$WVXFKHQYLURQPHQWDOFRQFHQWUDWLRQVHQURÁR[DFLQLVOLNHO\WRLPSDFW
at least tem
porarily, the structure and function of bacterial and archaeal com
m
unities, 
particularly 
in 
sedim
ents, 
but 
not 
to 
directly 
affect 
algal 
prim
ary 
producers 
or 
invertebrates. O
ne of the aim
s of our experim
ent w
as to assess w
hether the effects 
of antibiotic pollution on m
icrobial com
m
unities and im
portant ecosystem
 functions 
could result in side-effects on prim
ary producers and invertebrates. T
his experim
ent 
did not suggest indirect effects at higher trophic levels, how
ever, the exposure period 
used in this study w
as relatively short, and the recovery of the ecosystem
 function 
LPSDLUPHQWZDVUHODWLYHO\TXLFN7KHUHIRUHPRUHVWXGLHVDUHUHTXLUHGZLWKSURORQJHG
exposure periods and using other antibiotics (if possible, w
ith higher environm
ental 
persistence) and under different environm
ental and biological conditions (w
ith low
er 
tem
peratures and w
ith higher dom
inance of cyanobacteria). Such experim
ents should 
DOVRLQFOXGHÀVKDVWKH\KDYHEHHQGHPRQVWUDWHGWRVKRZDORZHUWROHUDQFHWRDPPRQLD
accum
ulation in surface w
aters than invertebrates (A
rthur et al., 1987).
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T
he extensive use of antibiotics either to treat bacterial infections or as prophylactic 
m
easures in hum
an and veterinary m
edicine m
ay lead to serious environm
ental 
problem
s, including the developm
ent of bacterial resistance and the alteration of 
HFRV\VWHPIXQFWLRQLQJ(QURÁR[DFLQLVDÁXRURTXLQRORQHDQWLELRWLFWKDWLVZLGHO\
XVHGLQDTXDFXOWXUHDQGOLYHVWRFNSURGXFWLRQLQWURSLFDOFRXQWULHV,QWKLVVWXG\ZH
DVVHVVHGWKHHIIHFWVRIHQURÁR[DFLQRQVHGLPHQWEDFWHULDOFRPPXQLW\FRPSRVLWLRQDQG
the relative abundance of m
ultiple antibiotic resistance genes in tropical freshw
ater 
PLFURFRVPV(QURÁR[DFLQZDVDSSOLHGWRWKHPLFURFRVPZDWHUIRUVHYHQFRQVHFXWLYH
days at a concentration of 10 and 1000 µg/L
. B
acterial com
m
unity com
position as w
ell 
as relative abundance of m
ultiple antibiotic resistance genes w
ere assessed on the last 
DSSOLFDWLRQGD\GD\DQGVHYHQGD\VDIWHUWKHODVWHQURÁR[DFLQDSSOLFDWLRQGD\
D
ecrease in the relative abundance of relevant bacterial taxa, such as A
cidobacteria, 
C
yanobacteria and N
itrospira w
ere observed. H
ow
ever, overall com
m
unity structure 
ZDVQRWVLJQLÀFDQWO\DIIHFWHGE\WKHDQWLELRWLFWUHDWPHQWQHLWKHURQGD\QRURQGD\
14. A
 treatm
ent-related effect w
as observed on the relative abundance of antibiotic 
UHVLVWDQFHJHQHVZLWKDVLJQLÀFDQWLQFUHDVHRQGD\$EXQGDQFHRIUHVLVWDQFHJHQHV
DVVRFLDWHGWRTXLQRORQHUHVLVWDQFHZDVUHODWLYHO\ORZLQWKLVVWXG\DVFRPSDUHGWRWKH
abundance levels m
onitored for genes conferring resistance to other antibiotics. T
he 
m
ost notable increase in the abundance of resistance genes w
as observed for those 
related to am
inoglycoside antibiotics, w
hich can be co-selected by the toxic pressure 
H[HUWHGE\TXLQRORQHDQWLELRWLFV
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-RXVSHYGXMSR
A
ntibiotics are com
pounds that can inhibit grow
th or kill bacteria, and their discovery 
DQGXVHKDYHUHYROXWLRQL]HGKXPDQPHGLFLQH$QWLELRWLFVDUHDOVRIUHTXHQWO\DSSOLHGLQ
order to treat and prevent various diseases in anim
als and plants (C
abello, 2006; Patricia et 
al., 2002). H
ow
ever, the extensive use of antibiotics to im
prove hum
an, anim
al and plant 
KHDOWKFRPHVZLWKDFRVW/DUJHTXDQWLWLHVRIDQWLELRWLFVKDYHEHHQGHWHFWHGLQGLIIHUHQW
WHUUHVWULDODQGDTXDWLFHFRV\VWHPVDFURVVWKHJOREH0RQWHLURDQG%R[DOO5LFRHW
DOE=KXHWDO,QVRPHFDVHVUHSRUWHGHQYLURQPHQWDOFRQFHQWUDWLRQVDUH
as high as therapeutic levels (B
randt et al., 2015; L
arsson et al., 2007), fueling concerns 
regarding the potential threats to environm
ental health and the selection of antibiotic 
resistant bacteria that m
ay pose a risk to hum
an health (B
randt et al., 2015).  
In the last few
 years, several studies have evaluated the environm
ental occurrence and fate 
RIDQWLELRWLFVLQWKHDTXDWLFHQYLURQPHQW5LFRHWDOD5LFRHWDOE6WXGLHV
have suggested that environm
entally relevant concentrations of antibiotics m
ay pose a 
KLJKHUULVNWRF\DQREDFWHULDWKDQWRKLJKHUDTXDWLFRUJDQLVPVOLNHLQYHUWHEUDWHVDQGÀVK
(H
alling-Sorensen et al., 2000; R
obinson et al., 2005). M
oreover, effects of antibiotics on 
DTXDWLFEDFWHULDOFRPPXQLW\FRPSRVLWLRQDQGIXQFWLRQKDYHEHHQGHPRQVWUDWHG0DXO
et al., 2006; R
ico et al., 2014a). H
ow
ever, few
er studies are available on how
 the exposure 
to antibiotics m
ay increase the prevalence and abundance of antibiotic resistance genes 
LQDTXDWLFHQYLURQPHQWV0RGHOHFRV\VWHPVLHPLFURFRVPVDQGPHVRFRVPVDUH
RIWHQXVHGWRVWXG\IDWHDQGHIIHFWVRIFKHPLFDOLQDTXDWLFHQYLURQPHQWV6XFKV\VWHPV
provide a m
ore ecological perspective as com
pared to single-species laboratory assays 
(V
an den B
rink et al., 2005). T
herefore, they are ideal to study the possible direct and 
indirect effects of antibiotic contam
ination on ecosystem
 structural and functional 
param
eters and to m
onitor the developm
ent of bacterial resistance. 
(QURÁR[DFLQLVDÁXRURTXLQRORQHDQWLELRWLFWKDWLVZLGHO\XVHGLQ$VLDQDTXDFXOWXUHDQG
DOVRLQOLYHVWRFNSURGXFWLRQLQWURSLFDOFRXQWULHV5LFRHWDOE5LFRHWDO
)XUWKHUPRUHLWVHQYLURQPHQWDOIDWHDQGDTXDWLFWR[LFLW\LVZHOOGRFXPHQWHGLQOLWHUDWXUH
.QDSSHWDO5LFRHWDOD5RELQVRQHWDO7KHUHIRUHHQURÁR[DFLQ
w
as chosen as test com
pound for this study. T
he m
ain goals of this study w
ere i) to 
DVVHVVWKHHIIHFWVRIHQURÁR[DFLQDSSOLFDWLRQRQEDFWHULDOFRPPXQLW\FRPSRVLWLRQLQ
freshw
ater sedim
ents, and ii) to evaluate its im
pacts on the resistom
e using tropical 
IUHVKZDWHUPLFURFRVPV)RUWKLVZHXVHGKLJKWKURXJKSXWPROHFXODUWHFKQLTXHVWKDW
DOORZDVFUHHQLQJUHVROXWLRQQRWRIWHQVHHQLQWKHDTXDWLFULVNDVVHVVPHQWRIDQWLELRWLFV
C
H
A
P
T
E
R
 6
198
1EXIVMEPERHQIXLSHW
)\TIVMQIRXEPTVSGIHYVI
Sam
ples used in the present study originated from
 an outdoor m
icrocosm
 experim
ent 
perform
ed at the Faculty of F
isheries of K
asetsart U
niversity (K
U
, B
angkok, T
hailand). 
H
ere, only a brief description is provided, w
hereas a full description of the experim
ent 
LVJLYHQE\5LFRHWDOD3OHDVHQRWHWKDWWKHRULJLQDOH[SHULPHQWFRQVLVWHGRIÀYH
treatm
ent levels, w
hile only three of them
 w
ere sam
pled for this paper.
T
he experim
ent w
as perform
ed in M
arch and A
pril 2012 (dry season) in six outdoor 
freshw
ater m
icrocosm
s. M
icrocosm
s consisted of P
V
C
 tanks (volum
e capacity 600 L
) 
FRQWDLQLQJDSSUR[LPDWHO\FPRIVLOLFDEDVHGÀQHJUDYHO²PPGLDPHWHUÀOOHG
ZLWKGHFKORULQDWHGWDSZDWHU6LOLFDEDVHGÀQHJUDYHOVHGLPHQWEHGZDVREWDLQHG
IURPQDWXUDOULYHUVLQWKHQRUWKRI7KDLODQG0LFURFRVPVUHFHLYHGDQHTXDOYROXPH
of concentrated plankton and an even num
ber of m
acro-invertebrates, both collected 
from
 uncontam
inated sources in T
hailand. B
efore application of the test substance, a 
period of four w
eeks w
as used for stabilization of the m
icrocosm
s. To hom
ogenize 
the experim
ental units, w
ater w
as exchanged tw
o tim
es per w
eek betw
een m
icrocosm
s 
during the stabilization period. In addition, nitrogen (1.4 m
g/L
 as urea) and phosphorus 
(0.18 m
g/L
 as triple super phosphate) w
ere supplied to the system
s tw
ice per w
eek 
during the entire experim
ental period. 
(QURÁR[DFLQ6LJPD²$OGULFK6W/RXLV0286$ZDVGDLO\DSSOLHGWRWKHPLFURFRVPV
at a nom
inal concentration of 0, 10 and 1000 µg/L
 for a period of seven consecutive 
GD\V&RQFHQWUDWLRQVRIHQURÁR[DFLQZHUHFKRVHQWRPLPLFUHDOLVWLFH[SRVXUHUHJLPHV
LQDTXDWLFHFRV\VWHPV6XFKH[SRVXUHVPD\UHVXOWIURPWKHHQYLURQPHQWDOUHOHDVH
RIZDVWHZDWHUIURPDTXDFXOWXUHDQGOLYHVWRFNSURGXFWLRQIDFLOLWLHV7UHDWPHQWVZHUH
perform
ed in duplicate, w
ith four m
icrocosm
s receiving antibiotic treatm
ent and the 
rem
aining tw
o m
icrocosm
s being used as control treatm
ents. T
he experim
ent had a 
GXUDWLRQRIGD\VDIWHUWKHÀUVWDSSOLFDWLRQRIWKHWHVWVXEVWDQFH2QGD\VDQG
DIWHUWKHÀUVWDQWLELRWLFDSSOLFDWLRQVHGLPHQWZDVVDPSOHGFPLQRUGHUWRPRQLWRU
treatm
ent effects on sedim
ent bacterial com
m
unity com
position and abundance of 
selected antibiotic resistance genes. Sedim
ent sam
ples w
ere kept at -20 ºC
 until further 
analysis.
7IHMQIRXFEGXIVMEPGSQQYRMX]GSQTSWMXMSR
Sedim
ent sam
ples w
ere subjected to total D
N
A
 extraction, w
hich w
as perform
ed using 
the FastD
N
A
®
 Spin kit for Soil (M
P
 B
iom
edicals, Solon, O
H
, U
SA
) according to 
PDQXIDFWXUHU·VLQVWUXFWLRQV4XDOLW\DQGTXDQWLW\RIWKHLVRODWHG'1$ZHUHFKHFNHGE\
XVLQJD1DQRGURS1'VSHFWURSKRWRPHWHU7KHUPR6FLHQWLÀF:LOPLQJWRQ'(
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U
SA
). B
efore being used in further experim
ents, D
N
A
 sam
ples w
ere diluted to an 
HTXDOFRQFHQWUDWLRQ6HGLPHQWEDFWHULDOFRPPXQLW\FRPSRVLWLRQZDVDVVHVVHGEDVHGRQ
QH[WJHQHUDWLRQWHFKQRORJ\VHTXHQFLQJRISDUWLDO6U51$JHQH9DQG9UHJLRQV
IUDJPHQWVZKLFKZHUHDPSOLÀHGE\3RO\PHUDVH&KDLQ5HDFWLRQ3&53ULPHUVDQG
cycle conditions used for P
C
R
 reactions are described in T
able 1. F
ull description of 
OLEUDU\SUHSDUDWLRQDQGVHTXHQFLQJLVSURYLGHGE\'LPLWURYHWDO7KHVHTXHQFLQJ
SODWIRUPXVHGZDVS\URVHTXHQFLQJ/LIH6FLHQFHV5RFKH
8EFPI4VMQIVWERHG]GPMRKGSRHMXMSRWYWIHJSVXEVKIXMRKFEGXIVMEPGSQQYRMXMIWTVIWIRXMR
XLIWIHMQIRXWEQTPIW
P
rim
e
rs
S
e
q
u
e
n
c
e
 5
'–
3
'
C
y
c
le
 c
o
n
d
itio
n
R
e
fe
re
n
c
e
2
7
F
-D
e
g
S
G
T
T
Y
G
A
T
Y
M
T
G
G
C
T
C
A
G
9
5
 ºC
 –
2
m
in
; 3
0
 c
y
c
le
s
 o
f 9
5
 
ºC
 –
3
0
 s
e
c
, 5
6
 ºC
 –
4
5
 s
e
c
, 
7
2
 ºC
 –
6
0
 s
e
c
v
a
n
 d
e
n
 B
o
g
e
rt e
t a
l. 
(2
0
1
1
)
3
3
8
R
-I
G
C
W
G
C
C
T
C
C
C
G
T
A
G
G
A
G
T
D
a
im
s
 e
t a
l. (1
9
9
9
)
3
3
8
R
-II
G
C
W
G
C
C
A
C
C
C
G
T
A
G
G
T
G
T
D
a
im
s
 e
t a
l. (1
9
9
9
)
5YERXMƈGEXMSRSJERXMFMSXMGVIWMWXERGIKIRIW
1LQHW\ÀYHVHOHFWHGDQWLELRWLFUHVLVWDQFHJHQHVDQGPRELOHJHQHWLFHOHPHQWVDVVRFLDWHG
WRDQWLELRWLFUHVLVWDQFH7DEOH6ZHUHWDUJHWHGE\KLJKWKURXJKSXWT3&5DQDO\VLV
using the 96.96 B
ioM
ark
T
M D
ynam
ic A
rray for R
eal-T
im
e P
C
R
 (F
luidigm
 C
orporation, 
6DQ)UDQFLVFR&$86$+LJKWKURXJKSXWT3&5ZDVSHUIRUPHGE\6HUYLFH;6%9
(L
eiden, the N
etherlands), according to m
anufacturer’s instructions, w
ith the exception 
that prim
er-annealing tem
perature during P
C
R
 reaction w
as low
ered to 56 ºC
. In order 
to norm
alize the abundance of antibiotic resistance genes present in a sam
ple, their 
relative abundances w
ere calculated based on the total bacterial abundance (abundance 
of the 16S rR
N
A
 gene) present in a given sam
ple. H
ow
ever, total bacterial abundance 
is expected to be higher than abundance of antibiotic resistance genes. T
herefore, prior 
WRSHUIRUPWKHT3&5UHDFWLRQRQWKH%LR0DUN
T
M D
ynam
ic A
rray, sedim
ent D
N
A
 
ZDVVXEMHFWHGWRDVSHFLÀFWDUJHWDPSOLÀFDWLRQZLWKWKHVDPHSULPHUVHWVXVHGIRUT3&5
H[FOXGLQJWKH6U51$SULPHUVHW&RQGLWLRQVRIWKH6SHFLÀF7DUJHW$PSOLÀFDWLRQ
DVZHOODVIXUWKHULQIRUPDWLRQRQWKHKLJKWKURXJKSXWT3&5UHDFWLRQFDQEHIRXQGLQ
B
ülow
 (2015).
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)RXUUHSOLFDWHVRIHDFKVDPSOHZHUHXVHGLQWKHKLJKWKURXJKSXWT3&5DVVD\$
UHIHUHQFHVDPSOHFRQVLVWLQJRIDQHTXLPRODUPL[WXUHRIPHWDJHQRPLF'1$LVRODWHG
from
 various environm
ents under selective pressure of several antibiotics, w
as used 
WRGHWHUPLQHSULPHUHIÀFLHQF\2QO\SULPHUVIRUZKLFKHIÀFLHQF\ZDVGHWHUPLQHGWR
EHEHWZHHQDQGZHUHXVHGWRFDOFXODWHDEXQGDQFHRIWKHWDUJHWJHQHV$V
recom
m
ended by the m
anufacturer, only C
T
 values low
er than 20 w
ere taken into 
consideration for abundance calculations. M
elting curves w
ere used to assess prim
er 
VSHFLÀFLW\2XWRIWKHIRXUUHSOLFDWHVXVHGDWOHDVWWKUHHKDGWRVKRZ&7YDOXHVEHORZ
20 to be included in further analysis. 
(EXEEREP]WMW
6HTXHQFLQJDQDO\VHVZHUHSHUIRUPHGXVLQJD6QDNHPDNHZRUNÁRZ.RVWHUDQG
R
ahm
ann, 2012), w
hich follow
s a standard operating procedure for 454 data analysis 
LQPRWKXUYHUVLRQ6FKORVVHWDO$Q2782SHUDWLRQDO7D[RQRPLF
U
nit) table w
as generated follow
ing the procedure described in C
hapter 02. Such table 
FRQWDLQVLQIRUPDWLRQDERXWWKHWRWDOQXPEHURIVHTXHQFHVHDFK278FRPSULVHVDQGLQ
w
hich sam
ples those O
T
U
s w
ere found. T
axonom
ic inform
ation of each O
T
U
 is also 
SURYLGHG7KH278WDEOHZDVÀOWHUHGEHIRUHWREHXVHGIRUIXUWKHUDQDO\VHV278V
WKDWZHUHQRWDVVLJQHGWRDQ\NLQJGRPDVZHOODV278VFODVVLÀHGDV&KORURSODVWZHUH
rem
oved from
 the original dataset. In addition, singletons and doubletons w
ere also 
rem
oved.  
C
alculation of norm
alized abundance of antibiotic resistance genes w
as perform
ed 
DFFRUGLQJWR%ORZ%ULHÁ\QRUPDOL]HGJHQHDEXQGDQFHVZHUHFDOFXODWHG
relative to the abundance of the 16S rR
N
A
 gene (total bacteria). D
elta-delta C
T
 values 
w
ere calculated as 2
-(C
T
antibiotic resistance genes – C
T
16S rR
N
A
). 
5HGXQGDQF\DQDO\VLV5'$ZDVXVHGWRDVVHVVZKHWKHUWKHUHZDVDVLJQLÀFDQWHIIHFW
of the antibiotic application on the sedim
ent bacterial com
m
unity com
position and 
on the relative abundance of antibiotic resistance genes found in the studied sedim
ent 
FRPPXQLWLHV5'$ZDVDOVRXVHGWRGHWHUPLQHZKHWKHUVSHFLÀF278VDIIHFWHG
the relative abundance of antibiotic resistance genes. W
hen that w
as the case, the 
relationship of these O
T
U
s w
ith antibiotic resistance genes w
as established by principal 
com
ponent analysis (P
C
A
) bi-plots. P
rior to analyses, O
T
U
 raw
 abundances w
ere 
transform
ed to relative abundance, treatm
ent concentrations (explanatory variables) 
w
ere ln-transform
ed and norm
alized abundance of antibiotic resistance genes w
ere 
ln(A
x+
1) transform
ed. In the transform
ation ln(A
x+
1), x stands for the abundance 
value and A
x m
akes 2 by taking the low
est abundance value higher than zero as x (for 
UDWLRQDOHVHH9DQGHQ%ULQNHWDO7KHVLJQLÀFDQFHOHYHOp <
 0.05) w
as determ
ined 
by a M
onte C
arlo perm
utation test (499 perm
utations). A
nalyses w
ere perform
ed using 
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the C
A
N
O
C
O
 softw
are package, version 5 (ter B
raak and Šm
ilauer, 2012). A
 heatm
ap 
depicting the norm
alized relative abundances of all antibiotic resistance genes and 
m
obile genetic elem
ents found w
as created using the softw
are M
eV, version 4.9 (Saeed 
HWDO1RUPDOL]HGDEXQGDQFHYDOXHVZHUHORJWUDQVIRUPHGEHIRUHWKHKHDWPDS
w
as created. 
6IWYPXW
7IHMQIRXFEGXIVMEPGSQQYRMX]GSQTSWMXMSR
$WRWDORI6U51$JHQHVHTXHQFHVZLWKDQDFFHSWDEOHTXDOLW\ZHUHREWDLQHG
ZLWKDQDYHUDJHRIUHDGVSHUVDPSOHEHLQJDQGWKHORZHVWDQGKLJKHVW
QXPEHUUHVSHFWLYHO\%DVHGRQVHTXHQFHVLPLODULW\DVWKUHVKROGDQGDIWHUÀOWHULQJ
a total of 960 O
T
U
s w
ere found.
5'$DQDO\VLVGLGQRWVKRZVLJQLÀFDQWWUHDWPHQWUHODWHGHIIHFWVRQWKHVHGLPHQW
bacterial com
m
unity on day 7 (p DQGGD\p =
 0.58). H
ow
ever, for both days 
R
D
A
 plots show
ed a clear separation betw
een sam
ples originating from
 the highest 
treatm
ent level (1000 µg/L
) and the low
est treatm
ent level (10 µg/L
) (data not show
n). 
C
ontrol sam
ples (0 µg/L
) grouped close to the low
est treatm
ent level (data not show
n). 
7KHUHIRUHGHVSLWHQRWEHLQJVWDWLVWLFDOO\VLJQLÀFDQWDVDZKROHWKHDQWLELRWLFWUHDWPHQW
seem
ingly induced som
e changes in the sedim
ent bacterial com
m
unity structure. 
7KHUHODWLYHDEXQGDQFHRIYDULRXVEDFWHULDOSK\ODZDVDIIHFWHGE\WKHHQURÁR[DFLQ
application. For instance, A
cidobacteria appeared to be very sensitive to the treatm
ent, 
since its relative abundance in the sedim
ent dropped considerably on both days 7 and 
14, com
pared to control treatm
ents (F
igure 1, T
able S2). A
nother phylum
 that had its 
relative abundance low
ered due to the treatm
ent w
as C
yanobacteria, w
ith its abundance 
being alm
ost zero at the highest treatm
ent level on day 14. D
espite being present at a 
very low
 relative abundance, N
itrospira w
as the single observed phylum
 that com
pletely 
disappeared after the antibiotic treatm
ent (T
able S2). In contrast, an increase in relative 
DEXQGDQFHZDVREVHUYHGIRU%DFWHURLGHWHV)LUPLFXWHV3URWHREDFWHULD&KORURÁH[L
and V
errucom
icrobia on at least one sam
pling date (T
able S2). A
n increase in relative 
DEXQGDQFHRIXQFODVVLÀHGEDFWHULDSK\OXPOHYHOFRXOGEHVHHQLQERWKVDPSOLQJGD\V
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0 µg/L (Day 07)
10 µg/L (Day 07)
1000 µg/L (Day 07)
0 µg/L (Day 14)
10 µg/L (Day 14)
1000 µg/L (Day 14)
Realative abundance
E
n
ro
fl
o
x
a
c
in
 c
o
n
c
e
n
tr
a
ti
o
n
 (
s
a
m
p
li
n
g
 d
a
y
)
 Acidobacteria
 Actinobacteria
 Armatimonadetes
 BRC1
 Bacteroidetes
 Chlorobi
 Chloroflexi
 Cyanobacteria
 Firmicutes
 Fusobacteria
 Nitrospira
 OD1
 Planctomycetes
 Proteobacteria
 SR1
 TM7
 Verrucomicrobia
 unclassified
*MKYVI6IPEXMZIEFYRHERGISJEPPFEGXIVMEPTL]PEHIXIGXIHMRXLIWIHMQIRX%ZIVEKIZEPYIWEVIWLS[RJSVIEGLXVIEXQIRXERHWEQTPMRKHE]
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%FYRHERGISJERXMFMSXMGVIWMWXERGIKIRIW
A
 total of tw
enty-seven antibiotic resistance genes and m
obile genetic elem
ents, 
conferring resistance to nine different antibiotic classes, w
ere detected in the sedim
ent 
VDPSOHVFROOHFWHGGXULQJWKHH[SHULPHQW)LJXUH7DEOH66HYHUDODQWLELRWLF
resistance genes and m
obile genetic elem
ents w
ere detected in all sam
ples, including 
control sam
ples. Seven resistance genes w
ere detected in sedim
ent sam
ples from
 the 
treated m
icrocosm
s only (F
igure 2), and one of these genes is know
n to prom
ote 
UHVLVWDQFHWRTXLQRORQHDQWLELRWLFVqnrS). H
ow
ever, only one out of four targeted genes 
FRQIHUULQJUHVLVWDQFHWRTXLQRORQHDQWLELRWLFVZDVGHWHFWHG)LJXUH7DEOH6$
M
onte C
arlo perm
utation test perform
ed under the R
D
A
 option show
ed that there w
as 
DVLJQLÀFDQWHIIHFWp  RIWKHDQWLELRWLFWUHDWPHQWRQWKHQXPEHUDQGUHODWLYH
abundance of antibiotic resistance genes on day 14. W
e observed a clear separation of 
the highest treatm
ent level (1000 µg/L
) from
 the other treatm
ents in the resulting R
D
A
 
biplot, and a higher num
ber of antibiotic resistance genes w
ere associated w
ith this 
WUHDWPHQWDVFRPSDUHGWRWKHORZHVWWUHDWPHQWOHYHODQGFRQWUROPLFURFRVPV)LJXUH
$SSOLFDWLRQRIHQURÁR[DFLQDSSHDUHGWRKDYHSURPRWHGUHVLVWDQFHWRDPLQRJO\FRVLGHV
and beta-lactam
, since alm
ost all detected resistance genes, w
hich are associated to these 
classes of antibiotics w
ere m
ainly present and m
ore abundant in the treated sam
ples. 
2QGD\WKHDEXQGDQFHRIDVLQJOHJHQHUHODWHGWRTXLQRORQHUHVLVWDQFHqnrS) w
as 
higher in sam
ples that had received the highest concentration of antibiotic (1000 µg/L
), 
com
pared to control sam
ples. Q
uinolone resistance genes w
ere not detected in sam
ples 
WKDWKDGUHFHLYHGWKHORZHVWHQURÁR[DFLQFRQFHQWUDWLRQJ/QHLWKHURQGD\QRU
on day 14. 
*MKYVI,IEXQETHITMGXMRKXLIRSVQEPM^IHEFYRHERGIWSJEPPERXMFMSXMGVIWMWXERGIKIRIW
ERHQSFMPIKIRIXMGIPIQIRXWHIXIGXIHMRXLIWIHMQIRX'SPSYVWGEPIVERKIWJVSQHEVOFPYI
PIEWXEFYRHERXXSVIHQSWXEFYRHERX[LIVIEWKVI]WUYEVIWMRHMGEXIXLEXXLIVIWTIGXMZI
ERXMFMSXMGVIWMWXERGIKIRI[EWRSXHIXIGXIH
C
H
A
P
T
E
R
 6
204
A
x
is
 1
 (3
5
%
)
Axis 2 (36%)
*MKYVI6IHYRHERG]EREP]WMWHMEKVEQSJXLIVIPEXMZIEFYRHERGISJERXMFMSXMGVIWMWXERGI
KIRIWHIXIGXIHSRXLIWIHMQIRXWEQTPIWEXHE](YTPMGEXIWSJXVIEXQIRXWEVIWLS[R3J
EPPZEVMERGISFWIVZIHMRXLIVIPEXMZIEFYRHERGISJERXMFMSXMGVIWMWXERGIKIRIW	GSYPH
FII\TPEMRIHF]XLIXVIEXQIRX3JXLMWI\TPEMRIHZEVMERGI	MWHMWTPE]IHMRXLIƈVWX
GERSRMGEPE\MW[LIVIEW	MWEXXVMFYXIXSXLIWIGSRHE\MW8LIVIWYPXSJXLI1SRXI'EVPS
TIVQYXEXMSRXIWXMRHMGEXIWXLEXEWMKRMƈGERXTEVXSJXLIZEVMERGISRXLIVIPEXMZIEFYRHERGI
SJERXMFMSXMGVIWMWXERGIKIRIWMWI\TPEMRIHF]XLIXVIEXQIRXT!
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7IHMQIRXFEGXIVMEPGSQQYRMX]ERHERXMFMSXMGVIWMWXERGI
2YHUDOO5'$DQDO\VHVGLGQRWVKRZDVLJQLÀFDQWHIIHFWRIWKHWUHDWPHQWRQWKH
VHGLPHQWEDFWHULDOFRPPXQLW\DWDQ\VDPSOLQJGD\+RZHYHUWKHUHZDVDVLJQLÀFDQW
effect of the treatm
ent on the relative abundance of antibiotic resistance genes on day 
5'$DQDO\VLVLQGLFDWHGWKDWDWRWDORIWZHQW\WZR278VVLJQLÀFDQWO\DIIHFWHGWKH
relative abundance of antibiotic resistance genes, on day 14 (data not show
n). In order 
WRYLVXDOL]HWKHUHODWLRQVKLSRIWKH278VWKDWVLJQLÀFDQWO\DIIHFWHGWKHDEXQGDQFH
of antibiotic resistance genes, a P
C
A
 analysis w
as perform
ed. O
n day 14, seven days 
after the last antibiotic application, sixteen out of the tw
enty-tw
o O
T
U
s had increased 
relative abundance at the highest treatm
ent level. F
igure 4 depicts the correlation of the 
WZHOYHPRVWVLJQLÀFDQW278VORZHVWVLJQLÀFDQFHYDOXHVZLWKWKHGHWHFWHGDQWLELRWLF
UHVLVWDQFHJHQHVRQGD\)URPWKHWZHOYHPRVWVLJQLÀFDQW278VHOHYHQVKRZHGD
VLJQLÀFDQWLQFUHDVHLQUHODWLYHDEXQGDQFHDWWKHKLJKHVWWUHDWPHQWOHYHO0RVW278V
ZHUHFODVVLÀHGDVEHORQJLQJWRWKHIROORZLQJSK\OD%DFWHURLGHWHV)LUPLFXWHVDQG
3URWHREDFWHULD+RZHYHUVRPHRIWKH278VZHUHFODVVLÀHGRQO\XSWR.LQJGRPOHYHO
w
hich m
eans that they w
ere not assigned to any of the know
n existing phyla. A
ccording 
to the P
C
A
 analysis of the sam
ples from
 day 14, O
T
U
s that increased in abundance 
in the highest treatm
ent level, show
ed a correlation w
ith antibiotic resistance genes 
conferring resistance to the follow
ing classes of antibiotics: am
inoglycoside, ȕ-lactam
, 
PDFUROLGHVTXLQRORQHVWHWUDF\FOLQHDQGVXOSKRQDPLGH)LJXUH
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A
x
is
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Axis 2 (36%)
*MKYVI4VMRGMTEPGSQTSRIRXEREP]WMWHMEKVEQWLS[MRKXLIGSVVIPEXMSRSJHIXIGXIHERXMFMSXMG
VIWMWXERGIKIRIWERHXLIX[IPZIQSWXWMKRMƈGERX389WSRHE]*VSQEPP389WWLS[RLIVI
389']ERSFEGXIVME[EWXLISRP]SRIXLEXLEHMXWVIPEXMZIEFYRHERGIHIGVIEWIH
SRHE]8LIVIQEMRMRK389W389389389389YRGPEWWMƈIH
&EGXIVME3893893893894VSXISFEGXIVME389389
&EGXIVSMHIXIWERH389*MVQMGYXIWWLS[IHERMRGVIEWIVIPEXMZIEFYRHERGI
GSQTEVIHXSGSRXVSPWEQTPIW
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(MWGYWWMSR
2YHUDOOQRVLJQLÀFDQWWUHDWPHQWUHODWHGHIIHFWVRQVHGLPHQWEDFWHULDOFRPPXQLW\
com
position could be observed in any of the sam
ples analyzed in this study. A
 sim
ilar 
observation w
as described by R
ico et al. (2014a), w
hen the sam
e sam
ples used in this 
study w
ere analyzed by denaturing gradient gel electrophoresis (D
G
G
E
). R
ico et al. 
VKRZHGDVLJQLÀFDQWHIIHFWRIWKHWUHDWPHQWRQWKHEDFWHULDOVHGLPHQWFRPPXQLW\
only on day 14. H
ow
ever, a N
O
E
C
 (N
o O
bserved E
ffect C
oncentration) of 1000 µg/L
 
w
as calculated, indicating that concentrations higher than the highest treatm
ent level 
w
ould be needed to affect sedim
ent bacterial com
m
unities. Sim
ilarly, K
napp et al. (2005) 
GLGQRWGHWHFWDVLJQLÀFDQWHIIHFWRIHQURÁR[DFLQRQZDWHUEDFWHULDOFRPPXQLWLHVZKLFK
had been exposed to a single application (25 µg/L
) of the antibiotic. H
ow
ever, effects of 
FLSURÁR[DFLQPDLQE\SURGXFWRIHQURÁR[DFLQRQEDFWHULDOFRPPXQLW\FRPSRVLWLRQ
have been show
n in cosm
 experim
ents w
ith salt m
arsh sedim
ents (C
ordova-K
reylos and 
Scow, 2007) and w
etlands (W
eber et al., 2011). Since photo-degradation and sorption 
WRRUJDQLFPDWWHUDUHWKHWZRPDMRUHQURÁR[DFLQGLVVLSDWLRQSURFHVVHV&DUGR]DHWDO
.QDSSHWDODQRQVLJQLÀFDQWRYHUDOOHIIHFWRQWKHEDFWHULDOFRPPXQLW\
could be a result of the high rate of dissipation of this com
pound from
 the w
ater 
phase found during the experim
ent (R
ico et al., 2014a). A
dditionally, decreased toxicity 
potential due to high w
ater pH
 in the experim
ental system
s m
ay have contributed to the 
QRQVLJQLÀFDQWRYHUDOOHIIHFWRQEDFWHULDOFRPPXQLW\7RWKLVHQGLWVKRXOGEHQRWHGWKDW
the experim
ent w
as perform
ed in a tropical environm
ent, w
hich is characterized by high 
solar irradiance and high algae grow
th, resulting in elevated pH
 values that increased 
the ionized fraction of the evaluated substance (R
ico et al., 2014a). N
evertheless, 
relative abundance of various bacterial phyla show
ed to be affected by the treatm
ent. 
Q
uinolone antibiotics are effective against G
ram
-positive and G
ram
-negative bacteria 
(C
ordova-K
reylos and Scow, 2007), how
ever, all phyla that show
ed a notable decline 
in their relative abundance in the treated sam
ples w
ere G
ram
-negative bacterial phyla. 
&LSURÁR[DFLQZDVIRXQGWREHKLJKO\WR[LFWRM
icrocystis aeruginosa (C
yanobacteria), w
ith 
E
C
50  in the range of 1-60 µg/L
 (H
alling-Sorensen et al., 2000). T
he high sensitivity of 
&\DQREDFWHULDWRFLSURÁR[DFLQFRXOGH[SODLQWKHGUDVWLFGHFUHDVHLQUHODWLYHDEXQGDQFH
of this phylum
 in the treated m
icrocosm
s, especially on day 14. R
ico et al. (2014a) 
GHWHFWHGDFRQFHQWUDWLRQRIJ/RIFLSURÁR[DFLQLQWKHKLJKHVWWUHDWPHQWOHYHO
after seven days of the last antibiotic application (day 14). It is interesting to note that 
5LFRHWDODOVRREVHUYHGDVLJQLÀFDQWHIIHFWRQWKHWRWDODEXQGDQFHRIWKHnifH
 
gene in the highest treatm
ent level on day 14. nifH
 encodes for nitrogenase, the key 
HQ]\PHLQEDFWHULDOQLWURJHQÀ[DWLRQZKLFKLVDWUDLWWKDWLVDPRQJRWKHUVDVVRFLDWHG
w
ith C
yanobacteria. T
he drastic decrease in the relative abundance of C
yanobacteria 
at the highest treatm
ent level on day 14 m
ight have contributed to the decrease in nifH
 
abundance as observed by R
ico et al. (2014a). 
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B
acterial phyla containing im
portant hum
an pathogens, w
hich are know
n to be resistant 
WRTXLQRORQHDQWLELRWLFVVXFKDV3URWHREDFWHULDDQG)LUPLFXWHV'UXG\HWDO
1HXKDXVHUHWDOZHUHKLJKHULQUHODWLYHDEXQGDQFHLQPRVWRIWKHWUHDWHG
m
icrocosm
s. 
A
s expected, antibiotic resistance genes and m
obile genetic elem
ents w
ere found in 
DOOPLFURFRVPVLQFOXGLQJWKHFRQWUROWUHDWPHQW+RZHYHUWKHKLJKHVWHQURÁR[DFLQ
FRQFHQWUDWLRQXVHGKHUHOLNHO\SURPRWHGWKHVLJQLÀFDQWHIIHFWRQWKHUHODWLYHDEXQGDQFH
DQGTXDQWLW\RIDQWLELRWLFUHVLVWDQFHJHQHVGHWHFWHGRQGD\8QH[SHFWHGO\WDUJHWHG
DQWLELRWLFUHVLVWDQFHJHQHVNQRZQWRFRQIHUUHVLVWDQFHWRTXLQRORQHDQWLELRWLFVZHUH
QRWDPRQJVWWKHPRVWDEXQGDQWJHQHVGHWHFWHG1HYHUWKHOHVVDTXLQRORQHUHVLVWDQFH
gene (qnrS) becam
e detectable in the sam
ples exposed to the highest concentration 
RIHQURÁR[DFLQDWGD\VHYHQGD\VDIWHUDQWLELRWLFDSSOLFDWLRQZDVWHUPLQDWHG
Q
uinolone antibiotics act on D
N
A
 replication, ham
pering the process and im
peding 
D
N
A
 duplication (Strahilevitz et al., 2009). M
echanism
s of bacterial resistance to 
antibiotics are various, ranging from
 point m
utations on the enzym
es targeted by the 
antibiotics to production of proteins that protect the targeted enzym
es (Strahilevitz et 
al., 2009; W
right, 2010). Such m
echanism
s m
ay arise from
 m
utations in the bacterial 
chrom
osom
al D
N
A
 or by the presence of resistance genes, w
hich m
ay be located on 
m
obile genetic elem
ents. B
acteria possess a variety of com
plex m
obile genetic elem
ents 
(M
G
E
s) such as bacterial plasm
ids, transposons or cassettes of integrons that enable 
horizontal transfer of antibiotic resistance genes (Partridge, 2011). Several integrases 
and tranposases w
ere highly abundant in the sedim
ent sam
ples in both sam
pling days. 
A
ntibiotic resistance integrons, such as the class 1 integron, are w
idely distributed 
am
ong G
ram
-negative bacteria and are considered as a paradigm
 of genetic transfer 
betw
een the environm
ental resistom
e and both com
m
ensal and pathogenic bacteria 
6WDOGHUHWDO7KHFODVVUHVLVWDQFHLQWHJURQIUHTXHQWO\FDUULHVDPLQRJO\FRVLGH
WHWUDF\FOLQHVXOIRQDPLGHDQGRUÁXRURTXLQRORQHUHVLVWDQFHJHQHV&DQWRQDQG&RTXH
2006; Strahilevitz et al., 2009). T
he selection for, and/or the spread of m
obile genetic 
elem
ents is likely to contribute to sim
ultaneous em
ergence and spread of m
ultiple 
DQWLELRWLFUHVLVWDQFHJHQHVE\DSURFHVVFDOOHGFRVHOHFWLRQ*QDQDGKDVHWDO
C
o-selection or co-resistance, refers to the spread of m
ultiple antibiotic resistance genes 
present in a single genetic m
obile elem
ent. C
o-selection m
ay have occurred in the treated 
PLFURFRVPVH[SODLQLQJWKHHPHUJHQFHRITXLQRORQHUHVLVWDQFHDQGWKHVLPXOWDQHRXV
VLJQLÀFDQWLQFUHDVHLQWKHDEXQGDQFHRIYDULRXVDPLQRJO\FRVLGHUHVLVWDQFHJHQHV
7KHSUHVHQWZRUNLQGLFDWHVWKDWWKHXVHRIHQURÁR[DFLQPD\OHDGWRVKLIWVLQVHGLPHQW
bacterial com
m
unity com
position and increase in the relative abundance of antibiotic 
resistance genes. D
espite effects had only been observed in the highest level treatm
ent, 
w
hich exceeds reported concentrations found in freshw
ater ecosystem
s, intensive use 
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RIHQURÁR[DFLQLQDTXDFXOWXUHPD\OHDGWRORQJWHUPH[SRVXUHWKDWLVOLNHO\WRLPSDFW
WKHUHVLVWRPHRIPLFURELDOFRPPXQLWLHVSUHVHQWLQDTXDWLFHQYLURQPHQWV6XFKLPSDFW
m
ay lead to the em
ergence of m
ulti-resistant bacteria, w
hich can pose a serious threat 
WRKXPDQKHDOWKVLQFHDTXDFXOWXUHSURGXFWVDVZHOODVRWKHUFRPSRQHQWVRIDTXDWLF
ecosystem
s (e.g. w
ater, sedim
ents) m
ay w
ork as vectors in the transm
ission of resistant 
pathogens to hum
ans. 
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8EFPI7%RXMFMSXMGVIWMWXERGIKIRIWXEVKIXIHMRXLITVIWIRXWXYH]*SVEHIWGVMTXMSRSJTVMQIV
WIUYIRGIWTPIEWIVIJIVXSGLETXIVSJ&¾PS[
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8LIMQTSVXERGISJQMGVSSVKERMWQW
M
icroorganism
s m
ake up an unseen w
orld. H
ow
ever, one cannot underestim
ate the 
central role these tiny organism
s play supporting life on E
arth. M
icroorganism
s are 
XELTXLWRXVLQKDELWLQJDJUHDWYDULHW\RIHFRV\VWHPVIURPGHHSRFHDQYHQWVWRWKHVNLQ
and gastrointestinal tract of hum
ans and anim
als. M
icrobes are responsible for a vast 
range of processes that not only support, but also allow
ed life to evolve and exist, as 
ZHNQRZLW)RULQVWDQFHF\DQREDFWHULDZHUHWKHÀUVWR[\JHQSURGXFLQJSKRWRWURSKLF
organism
s to inhabit our planet and, therefore, directly responsible for oxygenating the 
DWPRVSKHUH&URZHHWDOZKLFKDOORZHGWKHFRQGLWLRQVIRUDHURELFOLIHIRUPVWR
evolve. M
any other essential processes that m
aintain life are m
ediated by m
icroorganism
s, 
such as degradation of organic m
atter and recycling of nutrients. M
icroorganism
s 
FDQDOVRLPSURYHSODQWQXWULWLRQ0HQGHVHWDOVXSSUHVVGLVHDVHV0HQGHVHW
al., 2011), m
itigate clim
ate change (B
ender et al., 2014) and rem
ediate contam
inated 
ecosystem
s (M
aphosa et al., 2012). M
oreover, m
icroorganism
s serve as food source to 
KLJKHURUJDQLVPVIXHOOLQJIRRGZHEVLQWHUUHVWULDODQGDTXDWLFHFRV\VWHPV
$TXDWLFHFRV\VWHPVSURYLGHDKDELWDWWRPDQ\PLFURRUJDQLVPVLQFOXGLQJEDFWHULD
fungi, protozoans and plankton. A
s discussed above, m
icroorganism
s drive a broad 
UDQJHRIELRJHRFKHPLFDOF\FOHVDQGIRRGZHEVWKDWVHFXUHOLIHRQ(DUWK&RQVHTXHQWO\
GHWULPHQWDOHIIHFWVRQDTXDWLFPLFURELDOFRPPXQLWLHVIURPH[SRVXUHWRV\QWKHWLF
chem
icals m
ay seriously affect ecosystem
 services. T
herefore, for the protection of 
DTXDWLFHFRV\VWHPVDQGWKHVHUYLFHVWKH\SURYLGHLWLVFULWLFDOWRXQGHUVWDQGKRZDQGWR
ZKLFKH[WHQWFKHPLFDOSROOXWLRQPD\DIIHFWDTXDWLFPLFURELDOFRPPXQLW\FRPSRVLWLRQ
and function.
)ƇIGXWSJW]RXLIXMGGLIQMGEPWSREUYEXMGQMGVSFMEPGSQQYRMXMIW
A
 vast range of synthetic chem
icals, such as pesticides, pharm
aceuticals and chem
icals 
IURPSHUVRQDODQGKRPHFDUHSURGXFWVHQGXSLQDTXDWLFHFRV\VWHPVZKHUHWKH\PD\
pose a risk to m
icrobial com
m
unities (K
um
m
erer, 2009; Steen et al., 2001). H
ow
ever, 
studies assessing the effects that synthetic chem
icals (e.g. pesticides) m
ight have on 
DTXDWLFPLFURELDOFRPPXQLW\FRPSRVLWLRQDQGIXQFWLRQDUHOLPLWHGHVSHFLDOO\ZLWK
respect to heterotrophic m
icroorganism
s (e.g. bacteria and fungi). M
any freshw
ater 
ecosystem
s are fuelled by allochthonous organic m
atter, and heterotrophic m
icrobes 
are crucial for the conversion of organic m
atter into anim
al biom
ass (B
ärlocher, 2005; 
:HEVWHUDQG0H\HU&RQVHTXHQWO\SROOXWDQWLQGXFHGFKDQJHVLQWKHIXQFWLRQ
DQGFRPSRVLWLRQRIDTXDWLFPLFURELDOFRPPXQLWLHVFRXOGKDYHIDUUHDFKLQJHFRORJLFDO
FRQVHTXHQFHV7KHJHQHUDODLPRIWKLVWKHVLVZDVWRFRQWULEXWHWRWKHXQGHUVWDQGLQJRI
the effects synthetic chem
icals, w
hich are often, but not exclusively, used in agriculture 
DQGDTXDFXOWXUHPD\KDYHRQDTXDWLFPLFURELDOFRPPXQLWLHV7RWKLVHQGZHXVHG
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DUDQJHRIFRPSOHPHQWDU\FXOWLYDWLRQLQGHSHQGHQWPROHFXODUWHFKQLTXHVWKDWDUHQRW
norm
ally applied to studies assessing environm
ental effects of chem
icals.
P
revious studies have reported effects of a variety of pesticides (fungicides, herbicides 
and 
insecticides) 
on 
freshw
ater 
sedim
ent 
bacterial 
com
m
unity 
com
position 
and 
function (W
idenfalk et al., 2008b; W
idenfalk et al., 2004). F
ungicides are w
idely used 
LQPRGHUQDJULFXOWXUHKRZHYHUUHODWLYHO\OLWWOHLVNQRZQDERXWWKHLUHIIHFWVRQDTXDWLF
m
icrobial com
m
unities, especially on non-target fungi. A
 reason for this know
ledge 
JDSPLJKWEHWKDWUHJXODWRU\ULVNDVVHVVPHQWRIIXQJLFLGHVLQ(XURSHGRHVQRWUHTXLUH
WR[LFLW\GDWDIRUKHWHURWURSKLFPLFUREHV&RPPLVVLRQ,QVWHDGLQRUGHUWR
SURWHFWVSHFLHVWKDWDUHQRWUHTXLUHGWREHWHVWHGDVVHVVPHQWIDFWRUVDUHDSSOLHGWR
data that are obtained by standard toxicity tests. H
ow
ever, it is unclear to w
hich extent 
such assessm
ent factors account for uncertainties associated w
ith extrapolating from
 
standard toxicity data, w
hich are norm
ally perform
ed w
ith single species and under 
laboratory 
circum
stances, 
to 
m
icrobial 
com
m
unities 
in 
the 
natural 
environm
ent. 
A
 w
ay to reduce this uncertainty is to characterize variation in toxicity sensitivity by 
constructing species sensitivity distributions (SSD
s) (Posthum
a et al., 2002). M
altby et 
DOFUHDWHG66'VEDVHGRQDFXWHVLQJOHVSHFLHVWR[LFLW\GDWDIRUIXQJLFLGHV
DQGGHULYHGWKUHVKROGFRQFHQWUDWLRQVWKDWZHUHKD]DUGRXVWRHLWKHU+&RU
+&RIWKHVSHFLHV)RUIXQJLFLGHVGHULYHGYDOXHVZHUHFRPSDUHGWRVHPLÀHOG
studies in order to evaluate w
hether they w
ere protective of adverse ecological effects. 
A
 lim
itation of this study w
as that no toxicity data for heterotrophic m
icrobes w
ere 
available. In order to address the lim
itation faced by M
altby et al. (2009) w
e perform
ed 
a study to assess the effects of a w
idely used fungicide (tebuconazole) on heterotrophic 
PLFUREHVLQDTXDWLFPLFURFRVPVZKHQDSSOLHGDWLWV+&FRQFHQWUDWLRQSUHYLRXVO\
derived w
ithout toxicity data for heterotrophic m
icrobes (C
h
a
p
te
r 
3). T
herefore, 
the study reported in C
h
a
p
te
r 3 contributes to the understanding of the potential 
HIIHFWVIXQJLFLGHVPLJKWKDYHRQDTXDWLFPLFURELDOFRPPXQLWLHVLQFOXGLQJQRQWDUJHW
IXQJL7KHPDLQÀQGLQJRIWKHVWXG\GHVFULEHGLQC
h
a
p
te
r 3 is that tebuconazole, 
w
hen applied at a single pulse at its H
C
5 concentration (as derived by M
altby et al. 
PD\DIIHFWDTXDWLFIXQJDOGLYHUVLW\DQGIXQJLPHGLDWHGSURFHVVHVVXFKDVIHHGLQJ
EHKDYLRXURIOHDIVKUHGGLQJRUJDQLVPV7HEXFRQD]ROHKDGDVLJQLÀFDQWHIIHFWRQFRQLGLD
production and fungal com
m
unity com
position associated to leaf m
aterial. O
ur study 
FRUURERUDWHVÀQGLQJVRIDSUHYLRXVVWXG\WKDWVKRZHGDVLJQLÀFDQWGHFUHDVHLQIXQJDO
sporulation due to tebuconazole exposure (Z
ubrod et al., 2011). C
hange in the structure 
of fungal com
m
unities associated w
ith leaf m
aterial, due to tebuconazole exposure, had 
been dem
onstrated earlier (A
rtigas et al., 2012), how
ever, to our know
ledge our study 
ZDVWKHÀUVWWRXVHQH[WJHQHUDWLRQVHTXHQFLQJWHFKQRORJ\WRGHPRQVWUDWHWKDWOHDI
associated fungal com
m
unities m
ight be affected by tebuconazole exposure, providing 
inform
ation at m
uch higher resolution as com
pared to previous studies. M
oreover, 
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OHDIVKUHGGLQJRUJDQLVPVVKRZHGDVLJQLÀFDQWGHFUHDVHLQIHHGLQJUDWHZKHQIHGZLWK
OHDIPDWHULDOWKDWKDGEHHQH[SRVHGWRWHEXFRQD]ROH6XFKÀQGLQJLVLQOLQHZLWKD
study of B
undschuh et al. (2011) w
ho reported that leaf-shredding organism
s preferred 
leaf m
aterial that had not been exposed to tebuconazole over leaf m
aterial exposed to 
FRQFHQWUDWLRQVRIHLWKHURUJ/WHEXFRQD]ROH2XUVWXG\ZDVDOVRWKHÀUVWWR
GHPRQVWUDWHE\XVLQJQH[WJHQHUDWLRQVHTXHQFLQJWHFKQRORJLHVWKDWWHEXFRQD]ROHDWLWV
+&FRQFHQWUDWLRQGLGQRWFDXVHDVLJQLÀFDQWHIIHFWRQIUHVKZDWHUVHGLPHQWEDFWHULDO
and fungal com
m
unity com
position. T
herefore, in C
h
a
p
te
r 3 w
e argue that despite 
OLPLWHGHFRORJLFDOLPSDFWRIWHEXFRQD]ROHRQWKHPLFURELDOFRPPXQLWLHVRIWKHDTXDWLF
m
icrocosm
s studied, such im
pact should not be ignored; instead should alarm
 for the 
necessity of further research, especially because potential effects on higher organism
s 
w
ere observed, w
hich could lead to m
ore severe ecological effects. 
A
s for fungicides, the use of antibiotics to treat or prevent bacterial infections in hum
an 
and veterinary m
edicine m
ay lead to serious environm
ental problem
s, including the 
developm
ent of antibiotic resistance and alteration of ecosystem
 functioning. T
he 
reason that antibiotics m
ay lead to environm
ental pollution and eventually affect 
m
icrobially-m
ediated ecosystem
 services, is that antibiotics are norm
ally poorly adsorbed 
by the organism
s receiving them
 (Sarm
ah et al., 2006) and, therefore, are likely to end 
XSLQWKHHQYLURQPHQW)RUH[DPSOHKLJKSHUFHQWDJHVRIDGPLQLVWHUHG
antibiotics m
ay be excreted via urine as active substances (A
lcock et al., 1999). Indeed, 
several antibiotics that are norm
ally used in hum
an and veterinary m
edicine have been 
GHWHFWHGLQDTXDWLFHQYLURQPHQWV0RQWHLURDQG%R[DOO5LFRHWDODQGLQ
som
e cases at reported concentrations that exceed therapeutic levels (L
arsson et al., 
(IIHFWVRIDQWLELRWLFSROOXWLRQRQDTXDWLFPLFURRUJDQLVPVRUPLFURELDO
com
m
unity 
functioning 
have 
been 
dem
onstrated. 
H
alling-Sorensen 
et 
al. 
(2000) 
UHSRUWHGWKDWERWKPHFLOOLQDPDQGFLSURÁR[DFLQDQWLELRWLFVZHUHKLJKO\WR[LFWRWKH
cyanobacterium
 M
ycrocists aeruginosa, w
hereas M
aul et al. (2006) dem
onstrated an effect 
RIFLSURÁR[DFLQRQWKHFDUERQVXEVWUDWHXWLOL]DWLRQRIOHDIDVVRFLDWHGPLFURELDO
com
m
unities. H
ow
ever, effects are often seen at concentrations that are above w
hat is 
QRUPDOO\GHWHFWHGLQDTXDWLFHQYLURQPHQWV:XQGHUHWDO1HYHUWKHOHVVHYHQDW
non-lethal concentrations, long-term
, chronic exposures to antibiotics are likely to 
affect m
icroorganism
s (A
ndersson and H
ughes, 2012). In C
h
a
p
te
r 5 and C
h
a
p
te
r 6, 
ZHDVVHVVHGWKHHIIHFWVRIWKHDQWLELRWLFHQURÁR[DFLQRQWKHHFRORJ\RIWURSLFDO
freshw
ater m
icrocosm
s. E
ffects on organism
s belonging to different trophic levels, 
such 
as 
phytoplankton, 
zooplankton, 
periphyton 
and 
bacteria, 
w
ere 
assessed. 
(QURÁR[DFLQLVDÁXRURTXLQRORQHDQWLELRWLFWKDWLVZLGHO\XVHGLQDTXDFXOWXUHLQWURSLFDO
FRXQWULHV5LFRHWDO5LFRHWDO7KHPDLQÀQGLQJVGHVFULEHGLQC
h
a
p
te
r 
5LQGLFDWHWKDWHQYLURQPHQWDOO\UHOHYDQWFRQFHQWUDWLRQVJ/UDQJHRIHQURÁR[DFLQ
are not likely to cause direct or indirect toxic effects neither on prim
ary producer 
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com
m
unities 
nor 
on 
bacterial 
com
m
unity 
com
position 
and 
relevant 
m
icrobially-
PHGLDWHGIXQFWLRQVHJQLWULÀFDWLRQ+RZHYHUHIIHFWVRQF\DQREDFWHULDDQGSODQNWRQ
com
m
unities, 
after 
a 
long-term
 
exposure 
to 
an 
antibiotic 
m
ixture, 
have 
been 
dem
onstrated (W
ilson et al., 2004). W
e reasoned that the lack of a clear treatm
ent 
UHODWHGHIIHFWRIHQURÁR[DFLQRQSODQNWRQDQGEDFWHULDOFRPPXQLWLHVLQRXUVWXG\FRXOG
be a result of the high dissipation rate of this com
pound as w
ell as a high w
ater pH
 
observed during the experim
ent. In our study reported in C
h
a
p
te
r 5DWHQURÁR[DFLQ
levels higher than environm
entally relevant concentrations, transient effects on m
icrobial 
com
m
unity com
position and function w
ere observed. E
ffects on bacterial com
m
unity 
com
position associated w
ith leaf m
aterial and nitrifying sedim
ent archaea and bacteria 
w
ere detected for at least one sam
pling day. H
ow
ever, processes linked to those 
FRPPXQLWLHVVXFKDVRUJDQLFPDWWHUGHJUDGDWLRQDQGQLWULÀFDWLRQZHUHHLWKHUQRW
VLJQLÀFDQWO\DIIHFWHGRUTXLFNO\UHFRYHUHGRQFHWKHWUHDWPHQWKDGFHDVHG6XFKUHVXOWV
indicate a high degree of functional redundancy as w
ell as high recovery capacity of 
DTXDWLFPLFURELDOFRPPXQLWLHV5HVXOWVGLVFXVVHGLQC
h
a
p
te
r 5 w
ere partially obtained 
E\XVLQJPROHFXODUWHFKQLTXHVZKLFKDOORZHGFKDUDFWHUL]DWLRQRIDTXDWLFPLFURELDO
com
m
unity structure in sedim
ent and leaf m
aterial (D
G
G
E
) as w
ell as absolute 
TXDQWLÀFDWLRQRIJHQHVT3&5UHODWHGWRQLWURJHQF\FOLQJQLWULÀFDWLRQQLWURJHQ
À[DWLRQ,QC
h
a
p
te
r 6, w
e selected three treatm
ent levels of the study described in 
C
h
a
p
te
r 5WREHDQDO\]HGZLWKVWDWHRIWKHDUWPROHFXODUWHFKQLTXHVLQRUGHUWRSURYLGH
DKLJKHUWD[RQRPLFUHVROXWLRQDQGVHQVLWLYLW\RIWKHSRWHQWLDOHIIHFWVRIHQURÁR[DFLQ
H[SRVXUHRQDTXDWLFEDFWHULDOFRPPXQLWLHVZKHQFRPSDUHGWRWHFKQLTXHVXVHGLQ
C
h
a
p
te
r 5. In C
h
a
p
te
r 6ZHFRQÀUPHGREVHUYDWLRQVUHSRUWHGRQC
h
a
p
te
r 5. O
verall 
VHGLPHQWEDFWHULDOFRPPXQLW\FRPSRVLWLRQDVDVVHVVHGE\QH[WJHQHUDWLRQVHTXHQFLQJ
RI3&5DPSOLÀHG6U51$JHQHIUDJPHQWVZDVQRWDIIHFWHGE\WKHHQURÁR[DFLQ
treatm
ent. N
evertheless, despite this lack of an overall effect, changes in relative 
abundance of a num
ber of bacterial phyla w
ere observed as an effect of the treatm
ent. 
,WVKRXOGEHQRWHGWKDW'**(ÀQJHUSULQWLQJWKHPHWKRGFKRVHQIRU&KDSWHUGRHV
not directly provide any inform
ation regarding the identity of populations affected by a 
JLYHQWUHDWPHQWDQGLQIRUPDWLRQDWKLJKHUWD[RQRPLFUDQNVLVGLIÀFXOWLIQRWLPSRVVLEOH
WRREWDLQXQOHVVLWLVFRPELQHGZLWKH[WHQVLYHVHTXHQFHDQDO\VLVRIH[FLVHGEDQGV6RPH
bacterial phyla, such as C
yanobacteria, show
ed a steep decline in relative abundance due 
WRH[SRVXUHWRHQURÁR[DFLQ+RZHYHUVLQFHRQO\WZRVDPSOLQJGDWHVZHUHDQDO\]HGLW
w
as not possible to detect w
hether relative abundances of affected bacterial phyla, 
returned to levels sim
ilar to control treatm
ents. N
evertheless, a clear exam
ple of how
 
QH[WJHQHUDWLRQVHTXHQFLQJWHFKQRORJLHVPD\DGGWRWKHLGHQWLÀFDWLRQRIFKHPLFDO
HIIHFWVRQDTXDWLFPLFURELDOFRPPXQLWLHVLVJLYHQLQC
h
a
p
te
r 6. Sedim
ent sam
ples w
ere 
also screened for the presence and abundance of antibiotic resistance genes. Several 
genes know
n to cause resistance to a vast num
ber of antibiotics, as w
ell as m
obile 
JHQHWLFHOHPHQWVWKDWDUHNQRZQWREHDVVRFLDWHGWRUHVLVWDQFHJHQHVZHUHTXDQWLÀHGE\
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DKLJKWKURXJKSXWT35&DVVD\7KLVDSSURDFKDOORZHGXVWRFRPSUHKHQVLYHO\GHWHUPLQH
gene abundances in m
ultiple sam
ples in a single run. A
ntibiotic resistance genes w
ere 
DEXQGDQWLQDOOVDPSOHVLQFOXGLQJFRQWUROWUHDWPHQW+RZHYHUHQURÁR[DFLQKLJKHVW
WUHDWPHQWOHYHOZDVIRXQGWRLQGXFHDVLJQLÀFDQWLQFUHDVHLQUHODWLYHDEXQGDQFHVRI
m
ultiple antibiotic resistance genes. Surprisingly, the m
ajority of the detected antibiotic 
resistance genes w
ere responsible for conferring resistance to am
inoglycoside antibiotics, 
DQGRQO\DVLQJOHTXLQRORQHUHVLVWDQFHJHQHZDVGHWHFWHGLQWKHWUHDWHGVHGLPHQWVDPSOHV
(highest treatm
ent level). M
ultiple genetic m
obile elem
ents w
ere also detected. C
lass 1 
integron is a genetic m
obile elem
ent know
n to carry num
erous antibiotic resistance 
JHQHVLQFOXGLQJDPLQRJO\FRVLGHDQGTXLQRORQHUHVLVWDQFHJHQHV&DQWRQDQG&RTXH
2006; Strahilevitz et al., 2009). C
lass 1 integron w
as found to be m
ore abundant in 
treated sam
ples (highest treatm
ent level), w
hich m
ight also explain the increase in 
abundance of am
inoglycoside resistance genes by a phenom
enon know
n as co-selection 
RUFRUHVLVWDQFH*QDQDGKDVHWDO7KHUHIRUHWKHPDLQÀQGLQJRIC
h
a
p
te
r 6 is 
WKDWHQURÁR[DFLQH[SRVXUHPLJKWQRWRQO\DIIHFWVHOHFWHGEDFWHULDOSK\ODEXWDOVR
SURPRWHEDFWHULDOUHVLVWDQFHDJDLQVWPXOWLSOHFODVVHVRIDQWLELRWLFVEHVLGHVTXLQRORQH
antibiotics. M
ulti-resistant bacteria pose a serious threat to hum
an health, and therefore, 
should not be ignored, especially w
hen the em
ergence and spread of resistance m
ay 
happen in an environm
ent that all life form
s depend on. A
s for C
h
a
p
te
rs 3
 a
n
d
 5, 
C
h
a
p
te
r 6JLYHVDQRWKHUH[DPSOHRIKRZKLJKWKURXJKSXWPROHFXODUWHFKQLTXHVPD\
EHDSSOLHGWRWKHXQGHUVWDQGLQJRIKRZFKHPLFDOVDIIHFWDTXDWLFPLFURELDOFRPPXQLWLHV
R
esults obtained in C
h
a
p
te
r 5 and C
h
a
p
te
r 6 indicate that antibiotic pollution is likely 
WRH[HUWFKURQLFH[SRVXUHRIQRQOHWKDOFRQFHQWUDWLRQVRQDTXDWLFPLFURELDO
com
m
unities. T
herefore, w
e argue that further research should be conducted and focus 
on the assessm
ent of potential effects of these long-term
 antibiotic exposures on 
DTXDWLFPLFURELDOFRPPXQLW\FRPSRVLWLRQIXQFWLRQDVZHOODVGHYHORSPHQWDQG
persistence of antibiotic resistance. M
oreover, it is im
portant to address to w
hich extent 
IXQFWLRQDOUHGXQGDQF\LQDTXDWLFPLFURELDOFRPPXQLWLHVLVDEOHWRFRSHZLWKORQJWHUP
exposure to antibiotic pollution.
7IHMQIRXXS\MGMX]XIWXMRK
0LFURRUJDQLVPVLQWHUDFWZLWKFKHPLFDOVLQPXOWLSOHZD\V&KHPLFDOVWKDWHQWHUDTXDWLF
environm
ents m
ight affect m
icrobial com
m
unity com
position and function (C
h
a
p
te
r 3
, 
5
 a
n
d
 6) (W
idenfalk et al., 2004). In turn, biodegradation and bioavailability of chem
icals 
WKDWDFFXPXODWHLQDTXDWLFVHGLPHQWVPD\EHDIIHFWHGE\PLFURRUJDQLVPVZKLFKFDQ
accum
ulate and degrade a vast range of chem
icals (K
arpouzas and Singh, 2006; Singh 
and W
alker, 2006; W
idenfalk et al., 2008b). D
egradation of chem
icals by the m
icrobial 
com
m
unity m
ay change chem
ical exposure patterns to higher sedim
ent organism
s. 
7KHUHIRUHWKHXQGHUVWDQGLQJRIIDWHRIFKHPLFDOVLQDTXDWLFHQYLURQPHQWVLVSLYRWDOWR
GHWHUPLQHZKHWKHUDFKHPLFDOSRVHVDULVNWRDTXDWLFRUJDQLVPVRUQRW7RWKDWHQGIDWH
Chapter 7
G
E
N
E
R
A
L
 D
IS
C
U
S
S
IO
N
225
DQGHIIHFWVRIFKHPLFDOFRQWDPLQDQWVLQDTXDWLFHFRV\VWHPVPD\EHDVVHVVHGE\VHGLPHQW
toxicity testing, how
ever, the im
portance of m
icroorganism
s is often overlooked in 
VXFKWHVWV'LHSHQV,QC
h
a
p
te
r 4, w
e studied the developm
ent of bacterial 
FRPPXQLWLHVLQDUWLÀFLDOVHGLPHQWVGXULQJSUHHTXLOLEUDWLRQDQGH[SRVXUHSKDVHVRI
DVWDQGDUGZKROHVHGLPHQWWHVW1H[WJHQHUDWLRQVHTXHQFLQJDQGT3&5WDUJHWLQJ
16S rR
N
A
 genes w
ere used in order to characterize bacterial com
m
unities associated 
ZLWKGLIIHUHQWWHVWVWDJHVDQGFRQGLWLRQV)XUWKHUPRUHT3&5ZDVXVHGWRTXDQWLI\
abundance of selected functional genes, w
hich are involved in im
portant ecosystem
 
functions m
ediated by m
icrobes. T
he choice of targeted functional genes w
as based, 
w
hen possible, on w
hether or not those genes w
ere involved in processes that could 
DIIHFWZDWHUTXDOLW\HJQLWURJHQF\FOLQJDQGFKHPLFDOIDWHHJELRGHJUDGDWLRQDV
WKHVHPD\LQÁXHQFHWKHRXWFRPHRIVHGLPHQWWR[LFLW\WHVWLQJ6HGLPHQWWR[LFLW\WHVWLQJ
LVRIWHQVWDQGDUGL]HGE\XVLQJDUWLÀFLDOVHGLPHQWVUDWKHUWKDQQDWXUDOVHGLPHQWV1DWXUDO
sedim
ents are highly com
plex and heterogeneous in space and tim
e. T
herefore, they are 
less suitable to be used for sedim
ent toxicity testing, since test outcom
es w
ould m
ost 
likely not be reproducible. Studies have dem
onstrated that m
icrobial com
m
unities are 
SRRUO\GHYHORSHGLQDUWLÀFLDOVHGLPHQWV(YHQDSRRUO\GHYHORSHGPLFURELDOFRPPXQLW\
PD\GLUHFWO\RULQGLUHFWO\LQÁXHQFHZDWHUDQGVHGLPHQWTXDOLW\*RHGNRRSHWDO
9HUUKLHVWHWDO%\WDUJHWLQJVHOHFWHGIXQFWLRQDOJHQHVXVLQJT3&5ZH
dem
onstrated in C
h
a
p
te
r 4WKDWFKHPLFDOIDWHDQGZDWHUTXDOLW\YDULDEOHVZKLFKPLJKW
DIIHFWSHUIRUPDQFHRIWHVWVSHFLHVPD\EHLQÁXHQFHGE\PLFURELDOFRPPXQLWLHVSUHVHQW
LQWKHDUWLÀFLDOVHGLPHQW7KLVREVHUYDWLRQJLYHVULVHWRWKHTXHVWLRQZKHWKHUVHGLPHQW
toxicity testing should be perform
ed w
ith single (eukaryotic) test species only, in order 
WRDYRLGLQWHUDFWLRQVZLWKRWKHURUJDQLVPVWKDWFRXOGLQÁXHQFHWHVWRXWFRPH,WPD\EH
SUHIHUUHGZKHQWDUJHWLQJVFLHQWLÀFTXHVWLRQEXWQRWRQDVHGLPHQWWR[LFLW\WHVWLQJVHW
up. D
espite the fact that a single species test w
ould pose m
ajor experim
ental challenges 
in order to be achieved (germ
-free anim
als/plants, sterile m
aterial and environm
ent, 
etc.), one m
ight ask how
 ecologically relevant such test w
ould be. A
 scenario w
here 
KLJKHURUJDQLVPVZRXOGQRWEHXQGHULQÁXHQFHRIPLFURRUJDQLVPVLVXQUHDO7KHUHIRUH
on the one hand, tests conducted in the absence of m
icrobial com
m
unities w
ould be 
ecologically less relevant. H
ow
ever, on the other hand, how
 to account for direct and 
indirect effects m
icrobes m
ay exert on chem
icals and/or on organism
(s) being tested? 
A
 solution for such dilem
m
a could be the use of a standard inoculum
, consisting of a 
V\QWKHWLFPLFURELDOFRPPXQLW\ZKHQSUHSDULQJDUWLÀFLDOVHGLPHQWV+RZHYHUKRZWR
assure that this com
m
unity behaves and develops consistently in different tests carried 
out at different tim
es and/or different laboratories? It is clear that further studies are 
QHFHVVDU\WRDGGUHVVWKHTXHVWLRQVUDLVHGKHUHDQGWKHGDWDSUHVHQWHGLQC
h
a
p
te
r 
4UHLQIRUFHGWKDWPROHFXODUWHFKQLTXHVLQFRPELQDWLRQZLWKLQQRYDWLYHFXOWXULQJ
PHWKRGVIRUWKHHVWDEOLVKPHQWRIUHSUHVHQWDWLYHGHÀQHGPLFURELDOFRQVRUWLDPD\EH
RIDVVLVWDQFHWRDGGUHVVVXFKTXHVWLRQV
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1SPIGYPEVXIGLRMUYIWERHVMWOEWWIWWQIRXSJGLIQMGEPWŤJYXYVI
TIVWTIGXMZIW
A
s previously discussed, m
icrobes are essential for the sustainability of life as w
e know
 
it. T
herefore, one could assum
e that, since m
icroorganism
s are so im
portant, their 
protection from
 chem
ical pollution w
ould be a priority. H
ow
ever, the assessm
ent of 
contam
inant effects on m
icrobial com
m
unities is precarious, especially in sedim
ents 
(W
idenfalk et al., 2008a). T
raditionally, chem
ical toxicity effects to m
icroorganism
s are 
often evaluated in laboratory tests w
ith single species or by assessing m
icrobial com
m
unity 
level endpoints, such as density of selected m
icroorganism
s, respiration inhibition and 
nitrogen transform
ation tests (B
randt et al., 2015; K
ahru et al., 1996; Schafer et al., 
2011). H
ow
ever, single species tests and com
m
unity level endpoint analyses m
ay fail to 
detect effects on m
icrobial com
m
unity com
position, w
hich could lead to deviations in 
im
portant ecosystem
 functions (W
idenfalk et al., 2008a). W
hen looking at com
m
unity 
level endpoint analyses, effects on com
m
unity com
position m
ay be overseen due to the 
presence of functional redundancy, w
hich m
eans that loss of m
icrobial species could 
be com
pensated by others that perform
 the sam
e function. H
ow
ever, resistance or 
resilience to disturbance m
ight depend on the existing level of functional redundancy 
LQPLFURELDOFRPPXQLWLHV*ULIÀWKVDQG3KLOLSSRW7KHUHIRUHHYHQZKHQQR
m
ajor effects on selected functional endpoint are seen, chem
ical contam
ination m
ay 
affect com
m
unity com
position, w
hich could lead to loss of diversity, and thus im
paired 
resilience, after prolonged and/or repeated exposure. 
0ROHFXODUWHFKQLTXHVPRUHSUHFLVHO\¶RPLFV·WHFKQLTXHVDUHQRWURXWLQHO\DSSOLHGLQWKH
ULVNDVVHVVPHQWRIFKHPLFDOV+RZHYHUWKHLQFUHDVLQJXVHRIVXFKWHFKQLTXHVLQDYDVW
range of applications has show
n great potential to im
prove ecological studies (B
randt 
HWDO7KHVRFDOOHG¶RPLFV·WHFKQLTXHVJHQRPLFVWUDQVFULSWRPLFVSURWHRPLFV
and m
etabolom
ics) have allow
ed researchers to have a deeper understanding of how
 
pollutants cause toxicity (G
arcia-R
eyero and Perkins, 2011). For instance, transcriptom
ics, 
w
hich entails the genom
e-w
ide study of transcripts, allow
 researchers to com
pare gene 
H[SUHVVLRQSURÀOHVRIRUJDQLVPVWKDWZHUHVXEMHFWHGWRFRQWUDVWLQJVLWXDWLRQVVXFKDV
FKHPLFDODQGQRFKHPLFDOH[SRVXUH&RPSDULVRQRIJHQHH[SUHVVLRQSURÀOHVDVVRFLDWHG
to genom
ic inform
ation of the organism
s being studied, m
ay shed light on how
 the 
organism
s under study react and protect them
selves against chem
ical exposure. T
he 
VDPHSULQFLSOHRIWUDQVFULSWRPLFVKROGVIRURWKHU¶RPLFV·WHFKQLTXHV:KDWFKDQJHVDUH
the biological m
olecules being studied, for instance, proteom
ics consists of the study 
RISURWHLQVUDWKHUWKDQWUDQVFULSWV7KHVDPHWHFKQLTXHVFDQEHDSSOLHGWRWKHVWXG\
of com
plex m
icrobial com
m
unities in the environm
ent, w
ith the difference that in this 
case no single species are being studied, but rather com
m
unities. In such cases ‘om
ics’ 
WHFKQLTXHVDUHGHQRPLQDWHGPHWDRPLFVZKLFKPHDQVDFROOHFWLRQRIDOODYDLODEOH
biological m
aterial of interest, collected from
 the environm
ent being studied. W
hen the 
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ELRORJLFDOPDWHULDORILQWHUHVWLV'1$WKHWHFKQLTXHLVFDOOHGPHWDJHQRPLFVKRZHYHU
w
hen transcripts are of interest, m
etatranscriptom
ics. M
etagenom
ics, as opposed to the 
16S rR
N
A
 gene targeted approach that w
as used to characterize bacterial com
m
unity 
com
position in C
h
a
p
te
rs 2
, 3
, 4 a
n
d
 6, allow
 researchers to gather taxonom
ic and 
functional inform
ation about the m
icrobial com
m
unities under study. C
om
bined 
taxonom
ical and functional inform
ation m
ay lead to a deeper com
prehension of the 
interaction m
icroorganism
s m
ight have w
ith synthetic chem
ical. For exam
ple, Fang 
et al. (2014) used m
etagenom
ic analysis to assess the abundance and diversity of 
biodegradation genes as w
ell as potential degradation pathw
ays of persistent pesticides 
such as D
D
T
 in m
arine and freshw
ater ecosystem
s. B
y using m
etagenom
ics Fang et al. 
(2014) w
ere able to identify nearly com
plete biodegradation pathw
ays for tw
o persistent 
SHVWLFLGHV''7DQGDWUD]LQH6XFKÀQGLQJPD\KHOSWRGHYHORSPRUHHIÀFLHQWZD\VWR
UHPHGLDWHFRQWDPLQDWHGVLWHV+RZHYHUPROHFXODUWHFKQLTXHVDVDOOWHFKQLTXHVEULQJLWV
IDLUVKDUHRIELDV:KHQXVLQJPROHFXODUWHFKQLTXHVWRVWXG\HQYLURQPHQWDOPLFURELDO
com
m
unities from
 com
plex m
atrices, such as soil and sedim
ent, bias w
ill be present at 
least in one step of the study; the extraction of the targeted biom
olecules (D
N
A
, R
N
A
, 
proteins). B
ias related to soil and sedim
ent D
N
A
 extraction is w
idely acknow
ledged in 
WKHOLWHUDWXUH)URVWHJDUGHWDO*XRDQG=KDQJ+RZHYHUDIHZVWXGLHV
have attem
pted to reduce bias related to soil D
N
A
 extraction by extracting D
N
A
 
m
ultiple tim
es from
 the sam
e sam
ple (B
urgm
ann et al., 2001; Feinstein et al., 2009). 
In C
h
a
p
te
r 2, w
e elaborated on the study from
 Feinstein et al. (2009) by investigating 
how
 bias, due to incom
plete D
N
A
 extraction, m
ay affect soil m
icrobial characterization. 
7KHPDLQÀQGLQJVUHSRUWHGLQC
h
a
p
te
r 2 are that considerable am
ounts of soil D
N
A
 
are not extracted w
hen only a single D
N
A
 extraction is perform
ed. F
urtherm
ore, 
VXFFHVVLYH'1$H[WUDFWLRQVRIWKHVDPHVRLOVDPSOHPD\\LHOGVLJQLÀFDQWO\GLIIHUHQW
m
icrobial com
m
unities. T
herefore, w
e argue that to im
prove m
icrobial characterization 
of environm
ental sam
ples, successive D
N
A
 extractions of the sam
e sam
ple should be 
perform
ed. D
N
A
 obtained in successive extractions should be then pooled prior use in 
further experim
ents, as indicated by Feinstein et al. (2009).
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N
ow
adays, an increasing num
ber of synthetic chem
icals are used in a vast range of 
DSSOLFDWLRQV:KHQUHÁHFWLQJDERXWRXUGDLO\DFWLYLWLHVLWLVQRWGLIÀFXOWWRUHDOL]H
how
 m
uch of our life style is dependent on synthetic chem
icals. From
 the food w
e 
eat, m
edicines w
e take to the health care products w
e use, all have their fair share 
of synthetic chem
icals. H
ow
ever, m
any of the synthetic chem
icals w
e depend on 
are released into the environm
ent, w
here they could becom
e a threat to non-target 
organism
s, ecosystem
s, as w
ell as us, hum
an beings. D
ue to their use and application, 
V\QWKHWLFFKHPLFDOVPD\EHIRXQGLQWHUUHVWULDODTXDWLFDQGDWPRVSKHULFHQYLURQPHQWV
$TXDWLFHQYLURQPHQWVUHFHLYHGLUHFWDQGLQGLUHFWLQSXWVRIFKHPLFDOVVXFKDVSHVWLFLGHV
and antibiotics. Pesticides, as w
ell as antibiotics m
ay have a direct or indirect effect on 
DTXDWLFRUJDQLVPVLQFOXGLQJPLFURRUJDQLVPVDQGPD\DIIHFWGLIIHUHQWWURSKLFOHYHOV
0LFURRUJDQLVPVDUHDQHVVHQWLDOSDUWRIDTXDWLFHFRV\VWHPVFDUU\LQJRXWFUXFLDO
ecosystem
 functions such as prim
ary production, nutrient cycling and decom
position. 
0RUHRYHUPLFURELDOFRPPXQLWLHVKDYHDODUJHLQÁXHQFHRQDEXQGDQFHDQGGLYHUVLW\
of 
higher 
organism
s 
(i.e. 
benthic 
invertebrates) 
by 
controlling 
carbon 
dynam
ics 
DQGSURYLGLQJDIRRGVRXUFH2QWKHRQHKDQGPLFURRUJDQLVPVPD\LQÁXHQFHWKH
degradation and bioavailability of synthetic chem
icals. In turn, synthetic chem
icals 
PD\DIIHFWPLFURELDOFRPPXQLW\FRPSRVLWLRQDQGIXQFWLRQLQDTXDWLFHFRV\VWHPV
Surprisingly, not m
any studies assessing the toxicity of synthetic chem
icals on m
icrobial 
FRPPXQLW\FRPSRVLWLRQDQGIXQFWLRQKDYHEHHQSHUIRUPHGHVSHFLDOO\LQDTXDWLF
environm
ents. M
ost studies have focused on the m
icrobial degradation of pesticides, 
for instance, rather than on the effects on m
icrobial com
m
unities. T
herefore, little 
DWWHQWLRQLVJLYHQWRWKHSRWHQWLDOHIIHFWVRIFKHPLFDOVRQDTXDWLFPLFUREHVHVSHFLDOO\
effects on heterotrophic m
icrobes. Since m
icroorganism
s play a central role in m
any 
im
portant ecosystem
 processes, understanding pollutant-induced effects on m
icrobial 
FRPPXQLWLHVLQDTXDWLFHFRV\VWHPVLVSLYRWDOIRUWKHSURWHFWLRQRIVXFKHFRV\VWHPV
6HGLPHQWWR[LFLW\WHVWLQJLVXVHGWRDVVHVVHIIHFWVRIFKHPLFDOFRQWDPLQDQWVLQDTXDWLF
ecosystem
s. Such tests are pivotal for the understanding of how
 chem
icals m
ay affect 
sedim
ent biota, since chem
ical exposure in the sedim
ent m
ay be different from
 
H[SRVXUHLQWKHDTXDWLFSKDVH$VSUHYLRXVO\VWDWHGPLFURRUJDQLVPVPD\LQÁXHQFHWKH
GHJUDGDWLRQDQGELRDYDLODELOLW\RIFKHPLFDOVLQDTXDWLFVHGLPHQWZKLFKFRQVHTXHQWO\
LQÁXHQFHVFKHPLFDOH[SRVXUHWRKLJKHURUJDQLVPV7KHUHIRUHVWXGLHVHYDOXDWLQJWKH
effects m
icroorganism
s m
ight have on the fate of chem
icals in the sedim
ent are 
necessary, since m
icrobes eventually m
ay affect the outcom
e of sedim
ent tests w
ith 
higher organism
s. 
7KHREMHFWLYHVRIWKLVWKHVLVZHUHWRLPSOHPHQWFXUUHQWO\DYDLODEOHPROHFXODUWHFKQLTXHV
IRUWKHDVVHVVPHQWRISRWHQWLDOHIIHFWVRIDYDULHW\RIV\QWKHWLFFKHPLFDOVRQDTXDWLF
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m
icrobial com
m
unities, and how
 in turn m
icrobial com
m
unities m
ight affect the fate of 
VXFKFKHPLFDOVLQDTXDWLFHFRV\VWHPV
In C
h
a
p
te
r 3
, w
e explored the validity of the assum
ption that regulatory acceptable 
IXQJLFLGHFRQFHQWUDWLRQVEDVHGRQHFRWR[LFRORJLFDOGDWDREWDLQHGIURPVWXGLHVZLWKÀVK
LQYHUWHEUDWHVDQGSULPDU\SURGXFHUVDUHSURWHFWLYHWRDOORWKHUDTXDWLFRUJDQLVPV)RU
WKDWWKHHIIHFWVRIDZLGHO\XVHGIXQJLFLGHWHEXFRQD]ROHRQQRQWDUJHWDTXDWLFEDFWHULDO
DQGIXQJDOFRPPXQLWLHVZHUHDVVHVVHGLQDVHPLÀHOGVWXG\XVLQJFXUUHQWO\DYDLODEOH
PROHFXODUWHFKQLTXHV0RUHRYHULQGLUHFWHIIHFWVDWDKLJKHUWURSKLFOHYHOUHVXOWLQJIURP
the effects on the m
icrobial com
m
unities, w
ere studied w
hen tebuconazole exposed 
leaf m
aterial w
as fed to leaf-shredding organism
s. Tebuconazole w
as applied at its 
+&FRQFHQWUDWLRQFRQFHQWUDWLRQWKDWLVKD]DUGRXVWRRIWKHWHVWHGGDWDWKDW
ZDVGHULYHGIURPDFXWHVLQJOHVSHFLHVWR[LFLW\WHVWVRQÀVKLQYHUWHEUDWHVDQGSULPDU\
SURGXFHUV$WUHDWPHQWUHODWHGHIIHFWRIWHEXFRQD]ROHJ/RQHLWKHUIXQJDO
biom
ass associated w
ith leaf m
aterial or leaf decom
position or the com
position and 
biom
ass of the fungal com
m
unity associated w
ith sedim
ent could not be dem
onstrated. 
M
oreover, treatm
ent-related effects on bacterial com
m
unities associated w
ith sedim
ent 
DQGOHDIPDWHULDOZHUHQRWGHWHFWHG+RZHYHUWHEXFRQD]ROHH[SRVXUHGLGVLJQLÀFDQWO\
reduce conidia production and altered fungal com
m
unity com
position associated w
ith 
leaf m
aterial. A
n effect at a higher trophic level w
as observed w
hen G
am
m
arus pulex w
ere 
IHGWHEXFRQD]ROHH[SRVHGOHDYHVZKLFKFDXVHGDVLJQLÀFDQWGHFUHDVHLQWKHLUIHHGLQJ
UDWH7KHUHIRUHWHEXFRQD]ROHPD\DIIHFWDTXDWLFIXQJLDQGIXQJLPHGLDWHGSURFHVVHV
even w
hen applied at its “non-m
icrobial derived” H
C
5 concentration.
In C
h
a
p
te
r 4ZHDVVHVVHGWKHGHYHORSPHQWRIEDFWHULDOFRPPXQLWLHVLQDUWLÀFLDO
sedim
ent 
during 
a 
28 
day 
bioaccum
ulation 
test 
w
ith 
polychlorinated 
biphenyls, 
FKORUS\ULIRVDQGIRXUPDULQHEHQWKLFLQYHUWHEUDWHV'**(DQGS\URVHTXHQFLQJ
RI3&5DPSOLÀHG6U51$JHQHVZHUHXVHGWRFKDUDFWHULVHEDFWHULDOFRPPXQLW\
com
position. A
bundance of total bacteria and selected genes encoding enzym
es 
involved in im
portant m
icrobially-m
ediated ecosystem
 functions w
ere m
easured by 
T3&5&RPPXQLW\FRPSRVLWLRQDQGGLYHUVLW\UHVSRQGHGPRVWWRWKHWLPHFRXUVHRIWKH
H[SHULPHQWZKHUHDVRUJDQLFPDWWHU20FRQWHQWVKRZHGDORZEXWVLJQLÀFDQWHIIHFWRQ
com
m
unity com
position, biodiversity and tw
o functional genes tested. M
oreover, O
M
 
FRQWHQWKDGDKLJKHULQÁXHQFHRQEDFWHULDOFRPPXQLW\FRPSRVLWLRQWKDQLQYHUWHEUDWH
species. M
edium
 O
M
 content led to the highest gene abundance and is preferred for 
VWDQGDUGWHVWLQJ2XUUHVXOWVDOVRLQGLFDWHGWKDWDSUHHTXLOLEUDWLRQSHULRGLVHVVHQWLDOIRU
grow
th and stabilization of the bacterial com
m
unity. T
he observed changes in m
icrobial 
com
m
unity com
position and functional gene abundance m
ay im
ply actual changes in 
VXFKIXQFWLRQVGXULQJWKHWHVWGXUDWLRQZLWKFRQVHTXHQFHVIRUH[SRVXUHDQGWR[LFLW\
assessm
ent. 
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C
h
a
p
te
rs 5
 a
n
d
 6DVVHVVHGWKHHFRORJLFDOLPSDFWRIWKHÁXRURTXLQRORQHDQWLELRWLF
HQURÁR[DFLQRQWKHVWUXFWXUHDQGIXQFWLRQRIWURSLFDOIUHVKZDWHUHFRV\VWHPVDVZHOO
as on the developm
ent of antibiotic resistance. In C
h
a
p
te
r 5HQURÁR[DFLQZDVDSSOLHG
at a concentration of 1, 10, 100 and 1000 µg/L
 for seven consecutive days in outdoor 
PLFURFRVPVLQ7KDLODQG7KHHFRV\VWHPOHYHOHIIHFWVRIHQURÁR[DFLQZHUHPRQLWRUHG
RQÀYHVWUXFWXUDOPDFURLQYHUWHEUDWHV]RRSODQNWRQSK\WRSODQNWRQSHULSK\WRQDQG
bacteria) and tw
o functional (organic m
atter decom
position and nitrogen cycling) 
endpoint groups for 4 w
eeks after the last antibiotic application. C
onsistent treatm
ent-
related effects on the invertebrate and prim
ary producer com
m
unities and on organic 
PDWWHUGHFRPSRVLWLRQFRXOGQRWEHGHPRQVWUDWHG(QURÁR[DFLQVLJQLÀFDQWO\DIIHFWHG
the structure of leaf-associated bacterial com
m
unities at the highest treatm
ent level, and 
reduced the abundance of am
m
onia-oxidizing bacteria and am
m
onia-oxidizing archaea 
LQWKHVHGLPHQWV7KHDPPRQLDFRQFHQWUDWLRQLQWKHPLFURFRVPZDWHUVLJQLÀFDQWO\
increased at the highest treatm
ent level, and nitrate production w
as decreased, indicating 
DSRWHQWLDOLPSDLUPHQWRIWKHQLWULÀFDWLRQIXQFWLRQDWFRQFHQWUDWLRQVDERYHJ/
T
he results reported in C
h
a
p
te
r 5
 suggest that environm
entally relevant concentrations 
RIHQURÁR[DFLQDUHQRWOLNHO\WRUHVXOWLQGLUHFWRULQGLUHFWWR[LFHIIHFWVRQWKHLQYHUWHEUDWH
and prim
ary producer com
m
unities, nor on im
portant m
icrobially m
ediated functions 
VXFKDVQLWULÀFDWLRQ,QC
h
a
p
te
r 6ZHH[SDQGRQWKHÀQGLQJVGHVFULEHGRQC
h
a
p
te
r 
5
 by using three treatm
ent levels (0, 10 and 1000 µg/L
) of the outdoor m
icrocosm
 
H[SHULPHQWWRDVVHVVWKHHIIHFWVRIHQURÁR[DFLQRQVHGLPHQWEDFWHULDOFRPPXQLW\
com
position and the relative abundance of m
ultiple antibiotic resistance genes on the 
ODVWDSSOLFDWLRQGD\GD\DQGVHYHQGD\VDIWHUWKHODVWHQURÁR[DFLQDSSOLFDWLRQGD\
Shifts in the relative abundance of relevant bacterial taxa (A
cidobacteria, B
acteriodetes, 
&KORURÁH[L&\DQREDFWHULD)LUPLFXWHVDQG3URWHREDFWHULDZHUHREVHUYHGKRZHYHU
RYHUDOOFRPPXQLW\VWUXFWXUHZDVQRWVLJQLÀFDQWO\DIIHFWHGE\WKHDQWLELRWLFWUHDWPHQW
neither on day 7 nor on day 14. A
 treatm
ent-related effect w
as observed on the 
UHODWLYHDEXQGDQFHRIDQWLELRWLFUHVLVWDQFHJHQHVZLWKDVLJQLÀFDQWLQFUHDVHRQGD\
$EXQGDQFHRIUHVLVWDQFHJHQHVDVVRFLDWHGWRTXLQRORQHUHVLVWDQFHZDVUHODWLYHO\
low
 in this study as com
pared to levels observed for genes conferring resistance to 
other antibiotics. T
he m
ost notable increase in the abundance of resistance genes w
as 
observed for those related to am
inoglycoside antibiotics, w
hich can be co-selected by 
WKHWR[LFSUHVVXUHH[HUWHGE\TXLQRORQHDQWLELRWLFV
In C
h
a
p
te
r 2, w
e perform
ed an assessm
ent of how
 m
uch incom
plete D
N
A
 extractions 
from
 a com
plex environm
ental m
atrix, such as soil, m
ay affect m
icrobial com
m
unity 
characterization w
hen using m
olecular approaches. Independently of the m
olecular 
approach used, soil D
N
A
 extraction is a crucial step. Success of dow
nstream
 procedures 
used for m
icrobial characterization w
ill depend on how
 w
ell D
N
A
 extraction w
as 
perform
ed. O
ften, studies describing and com
paring soil m
icrobial com
m
unities are 
S
U
M
M
A
R
Y

based on a single D
N
A
 extraction, w
hich m
ay not lead to a representative recovery of 
D
N
A
 from
 all organism
s present in the soil. To determ
ine w
hether successive D
N
A
 
extractions, perform
ed on the sam
e soil sam
ple, w
ould lead to different observations 
in term
s of m
icrobial abundance and com
m
unity com
position, w
e perform
ed three 
successive extractions, w
ith tw
o w
idely used com
m
ercial kits, on six different soil sam
ples. 
Successive extractions increased considerably D
N
A
 yield, as w
ell as total bacterial and 
IXQJDODEXQGDQFHVLQPRVWRIWKHVRLOVDPSOHVS\URVHTXHQFLQJDQDO\VHVRIWKH
16S and 18S rR
N
A
 genes revealed that m
icrobial com
m
unity com
position (taxonom
ic 
groups) observed in the successive D
N
A
 extractions w
ere sim
ilar. Successive D
N
A
 
extractions revealed a few
 additional m
icrobial groups, w
hich w
ere not observed w
ith a 
single extraction. H
ow
ever, relative abundance of these additional groups w
as very low. 
N
evertheless, for som
e soil sam
ples shifts in m
icrobial com
m
unity com
position w
ere 
observed, m
ainly due to shifts in relative abundance of a num
ber of m
icrobial groups.
In C
h
a
p
te
r 7DJHQHUDOGLVFXVVLRQRIWKHPDLQÀQGLQJVRIWKLVWKHVLVLVSURYLGHGDQG
future perspectives for the use of m
olecular tools for the ecological risk assessm
ent of 
chem
icals are given. 
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I am
 incredibly glad to be w
riting this acknow
ledgem
ent, m
y P
hD
 journey has com
e 
to an end.  It has been a long journey, full of ups and dow
ns. A
 journey that has m
ade 
PHUHÁHFWPDQ\WLPHVDERXWZKHWKHURUQRW,ZDVIROORZLQJZKDW,ZDQWHGZKDW,ZDV
supposed to. A
 journey that taught m
e so m
any things, professionally and personally. A
 
journey I w
ill never forget. A
nd m
ore im
portantly, a journey I w
ill never regret to have 
taken. 
F
irst of all, I w
ould like to thank m
y prom
otors/supervisors H
auke and Paul. H
auke, 
thank you for giving m
e the opportunity of doing m
y P
hD
 in your group. I still rem
em
ber 
very clearly the day w
e m
et, the day I cam
e to the lab to have an interview
 for the P
hD
 
position that in the end w
ould be m
ine. W
hen I think about that day, w
hen I think about 
P\VHOIDVD06FVWXGHQWIDFLQJP\ÀUVWMRELQWHUYLHZDMRELQWHUYLHZWKDWZDVWDNLQJ
place in a foreign country, far from
 everybody and everything I knew
; I com
e to realize 
how
 m
uch I have learned and grow
n in these past seven years. A
nd m
uch of this I ow
e 
to you. Paul, I should also thank you for giving m
e the opportunity for pursuing this 
P
hD
. Y
ou w
ere alw
ays there for m
e, especially w
hen I w
ould run into problem
s due to 
m
y vast statistical know
ledge. I very m
uch enjoyed being part of the Stress group. Y
ou 
have alw
ays know
n how
 to create a great group atm
osphere, also outside w
orking hours. 
I w
ill alw
ays rem
em
ber our Stress group retreat in Terschelling, those w
ere great days. 
H
auke, Paul, it has been a pleasure to w
ork w
ith you.
I w
ould also like to thank m
y collaborators, w
ithout you this thesis w
ould not have been 
possible. Sujitra, it w
as a great experience to w
ork w
ith you, I really enjoyed. T
hank 
you for all the help and support w
ith our m
anuscript. R
ené, w
ithout you none of the 
experim
ents w
e perform
ed at Sinderhoeve w
ould have been possible. Y
ou w
ere alw
ays 
available to help and m
ore im
portantly, alw
ays in a good m
ood. T
hank you for all your 
assistance and for m
aking those long sam
pling days m
ore enjoyable. T
heo and L
orraine, 
thank you for all guidance and assistance w
ith the m
anuscripts w
e w
orked together. 
I learned a lot from
 our discussions. A
nnelies, w
e have been collaborating since the 
beginning of m
y P
hD
 and I am
 very glad for that. I have learned a lot from
 you and 
it has been great fun to share this journey w
ith you, not only during, but also outside 
ZRUNLQJKRXUV<RXKDYHKHOSHGPHLQPDQ\ZD\VIURPVFLHQWLÀFGLVFXVVLRQVWR'XWFK
translations, thank you. N
oël, our path to publication w
as not alw
ays easy. D
espite the 
countless hours discussing, w
riting and rew
riting our m
anuscript, I had an am
azing tim
e. 
I alw
ays felt very com
fortable w
orking w
ith you, like w
e w
ere alw
ays on the sam
e page. 
W
ell, m
ost of the tim
e ;-) B
ut it w
as all w
orth it! W
e got w
here w
e w
anted to get. T
hank 
you! B
art, your contribution really m
ade a difference to the outcom
e of our m
anuscript. 
,ZDVDOZD\VSRVLWLYHO\VXUSULVHGDQGFKDOOHQJHGJRLQJWKURXJK\RXUPRGLÀFDWLRQV
com
m
ents, thank you for that. A
ndreu, it has been great and fruitful to w
ork w
ith you. 
T
hank you for your help and support throughout m
y P
hD
. A
 big part of this thesis 
A
C
K
N
O
W
L
E
D
G
E
M
E
N
T
S
/A
G
R
A
D
E
C
IM
E
N
T
O
S
247
w
ould not have been possible w
ithout you. W
e still have som
e w
ork to do, and I hope 
our collaboration lasts for m
any years to com
e. E
lena, thank you for introducing m
e to 
WKHÁXLGLJPT3&5ZRUOG<RXUDVVLVWDQFHGXULQJH[SHULPHQWDOVHWXSDQGGDWDDQDO\VLV
w
as essential. H
ans, w
ho w
ould say that your ideas and suspicions about soil D
N
A
 
extractions w
ould have com
e all this w
ay. T
hank you for sharing your ideas w
ith m
e and 
for giving m
e the opportunity to w
ork w
ith you. M
attias, I have learned a lot from
 you. 
,WKDVEHHQJUHDWWRGLVFXVVDQGOHDUQIURP\RXDOODERXWVHTXHQFLQJDQDO\VLVWKDQN\RX
L
ast, but not least, E
iko. D
ear E
iko, w
ithout you this thesis w
ould not exist. Y
ou gave 
m
e the opportunity to com
e to the N
etherlands to w
ork w
ith you. Y
ou helped m
e to 
H[SDQGP\VFLHQWLÀFQHWZRUN\RXKHOSHGPHWRDSSO\IRUMREVDQGWRJHWWKHRQHWKDW
w
ould result in this thesis, and for that I am
 eternally grateful. M
oreover, you have given 
m
e the opportunity to again join your research group. It has been an im
m
ense pleasure 
and I hope w
e keep w
orking together for m
any years to com
e. M
uito obrigado! 
T
hank you to all people at the L
aboratory of M
icrobiology (M
IB
) that directly or 
indirectly contributed for the realization of this thesis. Som
e of you deserve a special 
DFNQRZOHGJHPHQW-LQJ)ORRUDQG<XHLWZDVDSOHDVXUHWRVKDUHDQRIÀFHZLWK\RX
during m
y tim
e at M
IB. Y
ou girls w
ould alw
ays m
ake m
y day m
ore enjoyable. T
hank 
you for all discussions and pleasant m
om
ents w
e shared, inside and outside the lab. 
Jing and Y
ue, thank you for introducing m
e to the hot pot, I had lots of fun and 
delicious food. F
loor, you w
ere alw
ays there to help m
e, w
ith canoco related issues, 
D
utch letters that I could not understand, tax declarations, you nam
e it. T
hank you for 
everything! T
hom
as and Jose, I still rem
em
ber the day I stayed over at your place to join 
a football m
atch w
ith the highly skilled F
C
 K
aas. I had just arrived and you guys w
ere 
RQHRIWKHÀUVWSHRSOH,PHW:HKDYHKDGDJUHDWWLPHGXULQJWKHVHODVWVL[\HDUVWKDQN
\RXIRUDOOWKHHQMR\DEOHPRPHQWVP\IULHQGV\RXGHÀQLWHO\PDGHP\WLPHDW0,%D
special tim
e. T
hom
as, thank you so m
uch for your help w
ith the printing of the reading 
version, w
ithout you I w
ould not have m
ade the deadline. P
ierpaolo, thank you for all 
the great tim
es w
e had together. I alw
ays enjoyed your com
pany and look forw
ard to 
m
eeting you again, grazie m
y friend. Sidnei, ou para os m
ais chegados, B
ahia. Foi um
 
SUD]HUFRQKHFrORHWUDEDOKDUFRQWLJR7HQKRyWLPDVOHPEUDQoDVGRWHPSRTXHYRFr
SDVVRXHP:DJHQLQJHQDVVLPFRPRGDYLDJHPTXHÀ]HPRVMXQWRVHP1DWDO2EULJDGR
por tudo e um
 grande abraço m
eu am
igo. Teun, w
e shared great m
om
ents during 
these last years, m
any of w
hich took place outside the lab. I w
ill alw
ays rem
em
ber 
our adventures around the N
etherlands and abroad, especially the ones w
ith our dear 
friend Jose C
uervo. W
ell, at least party of it ;-) Tom
 vd B., thank you for all the help 
you gave m
e during m
y tim
e at M
IB. Y
ou w
ere alw
ays the person to run to w
hen I had 
SUREOHPVGRXEWVZLWKH[SHULPHQWVLQYROYLQJ'1$VHTXHQFLQJ:LWKRXW\RXWKHZKROH
VHTXHQFLQJLQLWLDWLYHDW0,%ZRXOGKDYHEHHQPXFKKDUGHU:LP\RXUUROHDW0,%LVRI
extrem
ely im
portance. Y
ou take care of so m
any things and details that m
ake the w
ork 
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w
e perform
 in the lab and behind the com
puter possible. T
hank you for alw
ays being 
ready and w
illing to help. H
ans and P
hilippe, thank you for all the support over these 
last years. H
ans, I still rem
em
ber the ride you gave m
e to H
oenderloo, the place I stayed 
right after arriving in the N
etherlands. Y
ou probably rem
em
ber as w
ell, I guess it is not 
easy to forget how
 tidy and neat the bungalow
 w
as w
hen w
e entered it. I w
ould also like 
to thank Sven, Juanan, Irene, Peer, N
icolas, B
ram
, M
ark, R
ozelin, A
na Paulo, D
etm
er, 
Susakul, C
arm
en, Teresita, G
ianina, M
ilkha, C
oline, Javi, E
lleke, Tom
 vd W
., M
ichael, 
R
aym
ond, Johanna, M
aria S., A
lex, Siavash, Farai, D
erya, D
aan, Sam
et, F
lorian, V
icente, 
N
oora, N
aim
, T
ian, G
erben, Teunke, D
ennis, M
onika, C
orina, L
ennart, N
ora, A
nja and 
C
arolien. In a w
ay you all helped m
e to get to the end of this journey. 
D
uring m
y tim
e as a P
hD
 student at M
IB, I got the opportunity to participate in 
m
any great activities that took place outside the lab. I w
ould like to thank colleagues 
and friends that shared those m
om
ents w
ith m
e, especially the ones responsible for 
organizing these events. B
ram
, E
dze, M
artin, Teun, Jing and Jim
m
y, I had a great tim
e 
w
ith you organizing the P
hD
 trip to C
hina and Japan. It w
as a w
onderful experience and 
I learned a lot. I also enjoyed very m
uch m
y participation in the V
eluw
eloop. Tom
 vd 
W
., thank you for organizing our M
IB
 team
 to participate in this great event, especially 
because I got the opportunity to w
itness our dear friend E
dze doing w
hat he does best. 
E
dze, I w
ill never forget how
 w
ell you did that day, you should be proud, 75
th place out 
RISDUWLFLSDQWVLVGHÀQLWHO\VRPHWKLQJWREHSURXGRI7RKDYHSDUWLFLSDWHGLQWKH
V
eluw
ellop prom
pted m
e to join another running event, the seven hills. T
hom
as, B
ram
, 
Servé, Stefan and E
dze, it w
as great sharing that experience w
ith you. E
dze, a special 
thanks to you, I very m
uch appreciated the sixteenth years old Scotch w
hisky I got from
 
you after…
 you know, again! ;-) M
artin, E
dze, D
etm
er and Tom
 vd W
., thank you for 
hosting all those board gam
e sessions. It w
as endless, but great fun!
Stien, E
dze, M
artin and Fernanda, I enjoyed a lot our trip to the incredible Friesland. 
T
here w
ere so m
any things to see and do, I w
as sim
ply am
azed by the num
ber of cow
s 
SHUVTXDUHPHWHU6HULRXVO\,KDYHKDGDQGLQFUHGLEOHWLPHZLWK\RXJX\VRYHUWKHVH
ODVWVL[\HDUVIURPVFLHQWLÀFDQGSKLORVRSKLFDOGLVFXVVLRQVWRVLPSO\HQMR\LQJDJRRG
pint at the pub. T
hank you m
y friends for being part of this journey. 
A
 special thank you to m
y paranym
phs, E
dze and M
artin. Y
ou guys have taken an 
im
portant place in m
y life since I cam
e to the N
etherlands. T
hank you for sharing this 
incredible journey w
ith m
e and for taking the tim
e from
 your busy life to be here by m
y 
side during m
y P
hD
 defence. I really do appreciate it! 
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I w
ould also like to thank all current and form
er m
em
bers of the Stress group, 
SDUWLFXODUO\0DVFKD1LND0D]KDU$QGUHDV$QGUHX1RsO-DFTXL-XJN%HUKDQ
C
oncillia and Z
hang. G
uys, thank you for all enjoyable m
om
ents w
e had together. 
$OVRWKDQN\RXWRDOOWKHLQFUHGLEOHSHRSOH,PHWDWWKH$TXDWLF(FRORJ\DQG:DWHU
Q
uality M
anagem
ent G
roup (A
E
W
). A
nnelies, D
arya, A
ndrea, K
ristina, A
ndreia (D
éia), 
B
etânia, John, Frits and Jeroen. T
hank you all! Special thank you to A
nnelies and K
ristina 
for supporting m
e in m
y endeavor to get m
y propositions approved. 
I w
ould also like to thank the thesis reading com
m
ittee for taking the tim
e to read and 
evaluate m
y thesis. 
D
uring these last six year in the N
etherlands, fortunately, I have also had the chance to 
PHHWPDQ\SHRSOHRXWVLGHP\ZRUNLQJHQYLURQPHQW,QWKH8WUHFKWÁRFN,ZRXOGOLNH
to particularly thank C
assandra, Jam
ie, A
na, A
lejandro and E
lena. I have alw
ays had a 
JUHDWWLPHZLWK\RXWKDQN\RXIRUHYHU\WKLQJ,QWKH:DJHQLQJHQÁRFN,ZRXOGOLNH
to especially thank those that m
ade m
e feel at hom
e w
hile living in the N
etherlands, 
m
y B
razilian and D
utch friends, w
hich by now
 have already becom
e a bit B
razilian. 
Q
ueridos conterranêos, m
uito obrigado pela sua am
izade e com
panhia. A
 presença 
GHYRFrVGHÀQLWLYDPHQWHWHPDOHJUDGRDPLQKDYLGDQHVVHSDtVFKXYRVRFLQ]DHWmR
longe de casa. E
m
 especial gostaria de agradecer algum
as pessoas. A
nabele, W
iebe, 
M
ateus e E
duardo, obrigado por todo o carinho e am
izade nesses últim
os anos. A
 vida 
em
 W
ageningen teria sido m
uito diferente sem
 a am
izade de vocês. A
nabele, você é a 
m
atriarca dessa grande fam
ilia brasileira em
 W
ageningen, sem
 você a estória de m
uitos 
brasileiros em
 W
agenigen teria sido diferente. M
uito obrigado por tudo! Júlio, chegam
os 
em
 W
ageningen praticam
ente juntos e com
 o m
esm
o objetivo. F
ico feliz por ter lhe 
conhecido e divido esses anos contigo. C
harles, obrigado por todos m
om
entos felizes 
TXHGLYLGLPRV6HPG~YLGDDYLGDHP:DJHQLQJHQÀFRXPDLVPHODQFyOLFDTXDQGRYRFr
SDUWLX'HQQLV&DUROH%HQWRREULJDGRSRUWRGRVRVyWLPRVPRPHQWRVTXHSDVVDPRV
MXQWRV'HQQLVREULJDGRSRUWRGRVRVFRQVHOKRVHDMXGDFRPPHXVSURMHWRVGHUHQRYDomR
da m
inha casa. A
nderson, R
oseane e R
afaela, foi um
 prazer conhecê-los e dividir essa 
jornada com
 vocês, obrigado por tudo! V
iviane e G
esiel, nossa am
izade vem
 de longa 
GDWD'HYLGRDHVVDORQJDDPL]DGHRWHPSRTXHYRFrVSDVVDUDPDTXLQD+RODQGD
FRPLJRHFRPD)HUQDQGDIRLPDLVGRTXHHVSHFLDO8PDEHPYLQGDFRQFLGrQFLDTXH
DOHJURXQRVVDVYLGDVQRVVHLVPHVHVTXHHVWLYHPRVFRPYRFrV0XLWDVRXWUDVSHVVRDV
HVSHFLDLVÀ]HUDPSDUWHGHVVDMRUQDGDSRUWDQWRDTXLYDLPHXVLQFHURDJUDGHFLPHQWRD
C
inara e Janio, B
runo e Fernanda, A
na Paula e R
odrigo, A
na C
arolina e W
illiam
, Saulo 
e Suzanne, C
ynara e R
afael, T
hiago e A
ndrielli, C
laire, L
arissa, D
eborah e Joachim
, 
T
hiago (G
alo!), A
lexandre, V
anja, T
atiana, A
na Patricia, N
ico, C
im
ille, M
arcela, L
ucas e 
E
dilaine, A
cácio, C
am
ila, C
arla e M
aryeim
y. 
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Since I left M
IB
 I have been w
orking in the M
icrobial E
cology group at the N
etherlands 
Institute of E
cology (N
IO
O
-K
N
A
W
), w
here I have m
et w
onderful people. In a w
ay 
\RXDOOFRQWULEXWHGWRWKHÀQDOL]DWLRQRIWKLVWKHVLVWKDQN\RX,ZRXOGOLNHWRWKDQN
HVSHFLDOO\P\RIÀFHPDWH9LFWRUDQGDOOWKHSHRSOHLQ(LNR·VJURXS%UDVLOHLUDGDGR
1,22PXLWRVGHYRFrVFKHJDUDPQDUHWDÀQDOPDLVDLQGDDWHPSRTXHFRQWULEXLU
FRPHVVDPLQKDUHDOL]DomR8PPXLWRREULJDGRD.pVLD-RKQQ\$GULDQR0DUFHOR
A
fnan, L
eonardo, M
árcio, M
anoeli e M
atheus. E
iko, m
ais um
a vez obrigado por toda 
RSRUWXQLGDGHHVXSRUWHTXHYRFrWHPPHGDGRQHVVHV~OWLPRVDQRV(PHVSHFLDO
REULJDGRSHODFRPSUHHQVmRHSDFLrQFLDQHVWDUHWDÀQDO
/RWVRIVDFULÀFHVDUHQHFHVVDU\LQRUGHUWRGRD3K'+RZHYHULQWKHFDVHRIWKRVHOLNH
m
e, w
hich opted for doing it in a foreign country, the hardest of all is to leave behind 
friends and fam
ily. T
herefore, I w
ould like to thank all m
y friends and fam
ily that not 
only understood but also supported m
y decision. 
3ULPHLUDPHQWHHXJRVWDULDGHDJUDGHFHUPHXVDPDGRVDPLJRVPLQKDIDPtOLDDXXXX1mR
foi fácil deixá-los para seguir m
inha carreira na H
olanda. E
m
 m
uitos m
om
entos durante 
HVVHVVHLVDQRVVHQWLPXLWRRIDWRGHQmRSRGHUHVWDUGRODGRGHYRFrV0DVVDLEDP
TXHVHPSUHRVWLYHHVHPSUHRVWHUHLQRPHXFRUDomR8PDGDVPDLRUHVVDWLVIDo}HVTXH
WHQKRTXDQGRYROWRDR%UDVLOpGHHQFRQWUiORVHYHUTXHDSHVDUGHWRGRVRVREVWiFXORV
HVVDIDPtOLDFRQWLQXDFUHVFHQGRHXQLGD8PREULJDGRHVSHFLDODWRGRVTXHWLYHUDPD
oportunidade de nos visitar nesses últim
os seis anos. G
abi, L
u, M
inhoca, M
am
a, A
na, 
B
i, L
eo, T
ê, C
lá, R
ô e R
ica, recebê-los e partilhar com
 vocês um
 pouco de nossas vidas 
QD+RODQGDIRLVLPSOHVPHQWHLQFUtYHOPXLWRREULJDGR-~H3HGURRVPHVHVTXHYRFrV
SDVVDUDPHP=ZROOHIRUDPVHQVDFLRQDLVWHUSHVVRDVWmRTXHULGDVWmRSHUWRDOHJURX
dem
ais nossas vidas. F
ico sem
pre torcendo para um
 repeteco! L
ê e M
arzia, tivem
os 
m
uitos m
om
entos m
aravilhosos nesses últim
os sete anos, vou sem
pre m
e lem
brar 
FRPFDULQKRGHQRVVRVHQFRQWURVHPGLYHUVRVSDtVHVHXURSHXV'XGmRREULJDGRSRU
todo suporte durante essa m
inha jornada. V
ocê sem
pre esteve ao m
eu lado e apoiou as 
HVFROKDVTXHÀ]UHODFLRQDGDVDPLQKDFDUUHLUD)DPtOLDDXXXXDPRYRFrV
)DPtOD/DUR]D3DJDQHOOL3DXOR)iWLPD)HOLSHH'DUD0XLWRREULJDGRSHORLPHQVR
suporte, am
or e carinho ao longo de todos esses anos. O
 apoio de vocês foi fundam
ental 
para chegarm
os onde chegam
os. A
m
o vocês! 
0LQKDDPDGDIDPtOLDSDLPmH%LH0HO1mRH[LVWHYRFDEXOiULRVXÀFLHQWHSDUDTXHHX
SRVVDH[SUHVVDUDSURSULDGDPHQWHPLQKDJUDWLGmRUHVSHLWRHDPRUTXHWHQKRSRUYRFrV
3DLHPmHYRFrVVmRRVJUDQGHVUHSRQViYHLVSRUWXGRTXHVRXHWXGRTXHFRQTXLVWHL
DWpKRMH3DLPmH%LH0HOVRXHWHUQDPHQWHJUDWRSRUWRGRDPRUFDULQKRGHGLFDomR
SDFLrQFLDHVIRUoRFRPSUHHQVmRDPL]DGHDSRLRLQFHQWLYRHFRPSDQKHLULVPRDRORQJR
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GHWRGRVHVVHVDQRV0HOHPEURFRPRVHIRVVHRQWHPGDYLDJHPTXHÀ]HPRVORJRDSyV
PHXSHUtRGRGHHVWiJLRQR1,22HP'XUDQWHDTXHODYLDJHPUHFHELDQRWtFLDGH
TXHWLQKDVLGRVHOHFLRQDGRSDUDDVVXPLUDYDJDGH3K'VWXGHQWHP:DJHQLQJHQ0H
OHPEURRTXDQWRIRLGLÀFLOSDUDYRFrVUHFHEHUDQRWtFLDGHTXHHXHVWDULDORJRGHL[DQGR
R%UDVLOSDUDVHJXLUPLQKDFDUUHLUDDSHVDUGDFODUDIHOLFLGDGHVDWLVIDomRHRUJXOKRSHOD
PLQKDUHDOL]DomR3RUWDQWRJRVWDULDGHDJUDGHFHURDSRLRHLQFHQWLYRGHYRFrVGXUDQWH
WRGRVHVVHVDQRVDOJRLPSUHQVFLQGtYHOSDUDDUHDOL]DomRGHVVDWHVH0XLWRREULJDGR
0HO]LQKDPLQKDSUHWLQKDYRFrSURSRUFLRQRXWDQWRVPRPHQWRVIHOL]HVDQRVVDIDPtOLD
/HPEURGRGLDTXHWHHVFROKHPRVFRPRVHIRVVHRQWHP)RUDPH[DWRVTXLQ]HDQRV
GHPXLWRDPRUHDOHJULD$VPHPyULDVGHL[DGDVSRUYRFrQXQFDVHUmRHVTXHFLGDVSHOR
FRQWUiULRFRQWLQXDUmRVHPSUHDOHJUDQGRPLQKDYLGD7HDPRPLQKDSUHWD$RUHVWDQWH
dos m
eus fam
iliares, m
uito obrigado pelo carinho, am
or e suporte durante todos esses 
anos. A
m
o todos vocês!
F
inally, I w
ould like to thank m
y beloved w
ife, Fernanda. It m
ight be true that I w
as 
responsible for the turn our lives took once w
e decided to m
ove to the N
etherlands. 
+RZHYHUIURPWKHÀUVWGD\ZHVWDUWHGWKLVMRXUQH\\RXKDYHEHHQUHVSRQVLEOHIRUKRZ
far this journey has taken us. T
his thesis, this title, they are as m
ine as they are yours. I 
w
ould never have m
ade it w
ithout you. T
hank you so very m
uch for everything! M
eu 
DQMRPXLWRREULJDGRSRUWRGRRDPRUFDULQKRDPL]DGHDSRLRGHGLFDomRHSDFLrQFLD
DRORQJRGHVVHVDQRV0HRUJXOKRPXLWRGHQRVVDVFRQTXLVWDVGHVGHTXHUHVROYHPRV
seguir nossas vidas no velho continente. Ter você ao m
eu lado foi fundam
ental para 
TXHPXLWRVVRQKRVVHFRQFUHWL]DVVHPLQFOXLQGRHVVDWHVH0XLWRREULJDGRSRUWXGR7H
am
o dem
ais!
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M
auricio R
ocha D
im
itrov w
as born on 28
thRI$SULOLQ6mR3DXOR%UD]LO,Q
KHVWDUWHGWKHVWXG\RI%LRORJ\DWWKH6mR3DXOR6WDWH8QLYHUVLW\81(63-DERWLFDEDO
6mR3DXOR%UD]LO'XULQJKLVVWXGLHVKHZRUNHGDWWKH/DERUDWRU\RI%LRFKHPLVWU\RI
M
icroorganism
s and P
lants (L
B
M
P
) on the construction of soil m
etagenom
ic libraries 
for the screening of bacterial genes related to the production of polyhydroxyalkanoates 
3+$V+HREWDLQHGKLV%6FGHJUHHLQDQGPRYHGWRWKH8QLYHUVLW\RI6mR3DXOR
(U
SP
) to start his M
.Sc. studies in B
iotechnology. D
uring his M
.Sc. studies he continued 
to w
ork on soil m
etagenom
ic libraries and bacterial genes related to the production of 
P
H
A
s. Tow
ards the end of his M
.Sc. studies, he spent four m
onths as a guest researcher 
at the N
etherlands Institute of E
cology (N
IO
O
-K
N
A
W
), H
eteren, the N
etherlands. 
In 2009 he obtained his M
.Sc. degree and m
oved to the N
etherlands to start his P
h.D
. 
research. H
e w
as appointed as a P
h.D
 student in the M
olecular E
cology group at the 
L
aboratory of M
icrobiology, W
ageningen U
niversity, W
ageningen, the N
etherlands. 
+LV3K'UHVHDUFKIRFXVHGRQWKHDVVHVVPHQWRIWKHHIIHFWVRIFKHPLFDOVRQDTXDWLF
m
icrobial ecosystem
s.
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fungicide m
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 in outdoor freshw
ater m
icrocosm
s: responses of invertebrates, 
prim
ary producers and m
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that degrade sodium
 lauryl ether sulfate (SL
E
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in relation to sedim
ent characteristics, vegetation and land-use.
K
hatikarn, J. et al., E
cological im
pacts of the antim
icrobial triclosan on freshw
ater 
com
m
unities in tropical m
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